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ABSTRACT
Gloves that attenuate vibration above approximately 2 5 
Hz and that exceed the characteristics of standard viscous- 
elastic, neoprene based gloves have been developed using an 
air bladder system in the palm and fingers of a glove. 
Testing was performed on a variety of viscous-elastic gloves 
currently marketed to obtain the ratio of energy leaving the 
handle of a vibrating device and the energy entering the 
hand. Several, simple rectangular air bladders of varying 
thickness were developed and tested for their vibration 
attenuating characteristics. A four degree-of-freedom, 
lumped-parameter model of the vibration response of the 
human hand and bladder was developed using measured hand and 
bladder parameters. This model, along with subjective 
criteria, was used to design and fabricate two prototype 
bladder-glove units. These units were tested and found to 
exceed adopted standard requirements and the characteristics 
of standard viscous-elastic gloves. The prototypes in this
study will be further developed, adapted and marketed for 
practical applications.
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CHAPTER 1
INTRODUCTION 
General Discussion
In the past two decades, research has revealed a 
relationship between various vascular-muscular disorders and 
vibration induced into the hand over a long period of 
time111. Health problems induced by long term exposure to 
vibration are common among workers using vibrating tools 
such as chipping hammers, pneumatic hand drills, chain-saws 
and grinders. These problems may vary from simple 
discomfort to severe vibration related diseases. Among the
most severe of these health problems is Raynauds Disease or
• [2 ]Vibration Induced White Fingers (VWF) . The symptoms m
the initial stages of the disease include experiences of
peripheral neuralgic symptoms, such as intermittent numbness
or tingling in the hands and fingers, and in some cases
there may be decreased manual dexterity and diminished
1
2sensations of touch, pain and temperature. In latter 
stages, VWF may produce intermittent attacks of blanching 
and/or cyanosis in the extremities, and after prolonged 
exposure, extensive damage to the arteries and rarely 
gangrene of one or more fingers. Recent studies conducted 
among British and Scandinavian foundry chippers, grinders, 
and loggers who use chain saws show Raynaud's Disease 
ranging from 20% to 90% affected employees, depending on 
work force, length of employment, and daily severity of 
vibration exposure131 . Figure 1 shows miners at the Nevada 
Test Site operating a pneumatic hand drill in a typical 
operational position.
Most of the research associated with Raynaud's Disease 
has been clinical in nature and large numbers of articles 
have been published on the medical aspects of this and 
similar diseases. Although it is apparent to most 
researchers that the diseases are associated with vibration 
directed into the hand, it is still not completely clear as
[41to what mechanisms cause them
3Figure 1 Miners from Reynolds Electrical & Engineering 
Company, Inc. using a hand held air hammer in the Yucca 
Mountain Site Characterization Project Exploratory Studies 
Facility on the Nevada Test Site.
Several approaches can be employed to assist in the 
prevention of hand-arm vibration syndrome. Some of these 
approaches include: workers grasping the tool as lightly as 
possible consistent with safe work practices and tool 
control, keeping warm, dry hands during tool use, reducing 
vibration through changes in design of the tool, performing
4periodically scheduled inspection and maintenance programs 
on vibrating tools, and reducing the energy absorbed by the 
hand and arm through the use of vibration attenuating 
gloves131 .
Intent
It is the intent of this study to investigate the 
characteristics of vibration attenuating, viscous-elastic 
gloves currently on the market, test and compare several air 
bladder configurations for the ability to attenuate 
vibration, develop a mathematical model of the hand-bladder 
system to better understand and predict its response to 
vibration directed into the hand, use the mathematical model 
to design a bladder-glove vibration attenuating unit, and 
finally, develop a bladder-glove vibration attenuating unit 
that exceeds the performance of the viscous-elastic gloves 
previously tested and currently available.
Past Investigations
5
Past investigators have used measurements of 
transmissibility and mechanical impedance to study the 
characteristics of the hand-arm system. Previous studies 
have shown that vibration entering the hand is transmitted 
as far as the shoulder, and can be felt in the forearm 
region at frequencies between 19 Hz and 85 Hz, but is 
confined primarily to the hands and fingers at frequencies 
above 100 Hz[1I[51 . Also, three and four-degree-of-freedom,
mass-spring-damper, lumped parameter models describing the 
response of the hand to an input have been developed. These 
models found model fit to be poor below 40 Hz, but adequate 
for frequencies up to 2000 Hz161 . The model parameters
calculated in previous studies will be used as a basis for 
the response characteristics of the hand when predicting the 
hand-bladder response to vibration. This is permissible 
because the experimental parameters (handle diameter, grip 
force, ect.) used to calculate the model parameters for the 
hand were very similar to the ones used in this study.
CHAPTER 2
EXPERIMENTAL SET-UP
Experimental Guidelines and Criteria
Both an American National Standard (ANSI S3.40-1989) 
and a European Standard (CEN/231/3 N58, December 1992) 
provide a guide and a method for laboratory measurement, 
data analysis and reporting of the vibration attenuation of 
gloves in terms of vibration transmission from a handle to 
the palm of the hand. Segments of each were employed where 
applicable to develop a suitable means for determining and 
evaluating the response of each viscous-elastic glove and 
bladder-glove unit tested.
The experimental procedure is intended to serve as a 
comparison for the vibration attenuation of gloves for 
specific conditions representing the use of some hand tools. 
The author recognizes that many factors influence the
6
7transmission of vibration through gloves. Therefore, the 
values obtained according to this experimental procedure are 
not sufficient to assess the health risk due to vibration.
The primary parameter investigated by this study is the 
ratio of accelerations measured at the surface of the hand 
and at the point of reference on the handle. Acceleration 
ratio values greater than 1 indicate that the glove or 
bladder amplifies the vibration. Values lower than 1 
indicate that the glove or bladder attenuates the vibration. 
To obtain the transmissibility, the transfer function 
between the acceleration at the driving point and at the 
location in the palm of the hand is measured. The ratio of 
accelerations is mathematically obtained in the following 
manner:
From the output of the frequency analyzer,
C h 2 - C h \  = T R , _ . il ( i - D
where,
Chi = channel 1: input accelerations from the 
adapter
8Ch2 = channel 2: input accelerations from the handle 
TR,masUrai = measured vibrational transmissibility (dB) .
To correct for the small discrepancies between 
accelerometers,
RRcorrccleii R R  measured CAL (1 -2 )
where,
CAL = Calibration data
From the definition of transmissibility,
TRcorrected = 10 - log
hand
A2\  reference J
• 10 • log ^handle  
\  ^reference J
(1-3)
where,
A hand = acceleration on the hand adapter (m/s2)
^lumdk = acceleration on the handle 
r^eference = reference acceleration
Simplifying,
9TRcorrec ted =  10 ■ log
A 2lumtl
A 2
' handle '
(1 -4 )
or,
log hand 
^h a n d le  J
TRcorrected
10
(1 -5)
Finally, solving for the ratio of the input 
acceleration to the output acceleration,
or
h a n d
/ E™ 
=  V 1 0  1
' " hand le  '
h a n d
TIL,
=  10
i  ^ h a n d l e  '
(1 -6)
(1 -7)
The testing parameters and criterion adopted to 
experimentally determine values for transmissibility are 
listed in Table 1. Figure 2 illustrates the coordinate 
system for which the experimental procedure was developed. 
The method used to determine an acceleration ratio assumes
10
that the bladders and air-glove units tested behave in a 
linear way and have small mass compared with the mass 
loading and gripping force.
PARAMETERS CRITERION ADOPTED
Response Variables Magnitude/Phase of Impedance 
and Coherence
Excitation Frequency Range 5 - 2000 Hz (white noise)
Direction of Vibration Horizontal (Z-direction)
Grip Force 25 N
Grip Type Palm
Elbow Angle Close to 90 Degrees
Handle Type Circular (Aluminum)
Handle Size 3 8 mm
Table 1 Criterion adopted for glove and bladder testing.
11
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Vi KM IC AI (X)
Figure 2 Coordinate system for the hand-arm system.
The measurements in this study were made at the third 
octave band center frequencies between 5 and 2000 Hz. It 
was determined from Fast Fourier Transform (FFT) testing 
results in Chapter 4 that the coherence between the two 
accelerometers remained nearly at 1.0 over the frequency 
range, although, as expected, it fell lower at regions near 
the natural frequencies of each bladder.
12
Experimental Setup and Procedure
A block diagram of the apparatus used in the 
determination of transmissibility is shown in Figure 3. A 
list of major components is tabulated in Appendix IV 
including illustrations of some specific components.
P R E S S U R E
GAGES
I I A N I J  
P U M P
A C C E L  E P C I M E  I I P P l . A I  1 IMI
B I A S  A N D  G A I N - 1 R E Q U E N C Y
....- - T — ---------------------
A N A I  Y / E R
k
B L A D D E R
' [)RH> 1 [Jk’Cl
S I  P A  I N
- - T ........ J I N D I C I A  11 IP
E L  E C I  PM 
M A G N E  I I C  
S H A K E R
A C C I  ( [ P i l l  
A C C I  I I PI I
IN I ( A N D  
I N  P A I  M
□  i M P U I f  P
I
U N  U P i
PI  I V I  R W i l l  I I
^ 1 " A M I D  I I  II R Ml I I S !
G! Nl  KV I I l k
I AN  I:
Figure 3 Block diagram of the vibration attenuating testing 
system.
13
The procedure uses a shaker equipped with a special 
handle to measure the gripping force. This handle 
arrangement is shown in Figure 4 and Figure 6 0 illustrates 
the specific strain gage arrangement.
S  I R A I N  l iAC' . t  S
I I A N D L  I. - 0 / 3 '  R A D I U S  
6  0 '  L i J N I i
Figure 4 38 mm handle instrumented with strain gauges.
(top) top view; (bottom) plan view.
The vibration in the direction of the horizontal is 
measured at two points simultaneously: 1) at the surface of 
the handle; and, 2) between the hand and glove by means of
14
an adapter containing an accelerometer. Piezo-Resistive 
accelerometers were chosen for these measurements because of 
their small size and because they accommodated measurement 
of the acceleration levels expected from pneumatic tools and 
the frequency range anticipated, approximately 5 Hz to 2 
KHz. Figure 5 shows the position of the hand with the 
handle and adapter. In order to compensate for the 
frequency response of the adapter, the vibration attenuation 
of the glove or bladder is calculated as the difference in 
vibration attenuation from handle to hand with and without 
the glove or bladder.
A DAP I IIR
Figure 5 Position of hand with handle and adapter: Palm 
grip with adapter/accelerometer in palm.
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Five subjects were asked to grasp the instrumented 
handle, which was then vibrated by the shaker. The subjects 
were instructed to grasp the handle in a comfortable manner 
with the elbows close to 90 degrees, similar to the position 
an actual pneumatic drill or chipper operator would employ 
in the field. The subjects maintained the grip force of 25 
N throughout the test, achievable because each were 
permitted to monitor the output displayed on the strain gage 
calibrated to the specified grip force. The handle was 
vibrated in a single direction with white noise and a power 
amplifier.
Two sets of measurements, each twenty seconds in 
length, were conducted on each subject. One set of 
measurements with the bare hand and adapter, the other with 
the glove or bladder and adapter. The values displayed on 
the Real-Time Frequency Analyzer are the Energy Integrated 
Acceleration Levels (Leq). Figure 6 illustrates the detail 
of the adapter used for holding the Entran Piezo-Resistive 
accelerometer in the palm of the hand. The Leq values
16
obtained from the two accelerometers were input directly 
into equation (1-7).
a ; ; : :?  ; i
Figure 6 (left) Adapter for holding the accelerometer in the 
palm of the hand, (right) Entran Piezo-Resistive 
accelerometer and dime.
Later, the test procedure will be modified to use a 
shaker on which a bladder is placed with a loading mass on
[7]top . This experimental arrangement is shown in Figure 
14. Piezo-Resistive accelerometers will measure the 
vibration on the shaker and the vibration of the mass. This 
procedure will be used to determine the natural frequencies
of the bladders and will be discussed further in Chapter 4.
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Experiment Calibration
The following test calibration procedure was followed
f 91prior to each test session . Figure 7 schematically
illustrates a block diagram for test calibration.
1) Switch on the DC power and allow at least 15 minutes 
for warm-up.
2) Calibrate the strain gages to 25 N using the Chatillion 
Model DPP-25 calibrator and zero out the strain gage 
display box.
3) Affix both accelerometers, one on top of each other, 
and secure them to the direct output post of the 
electromagnetic shaker.
4) Screw the ICP calibration accelerometer to the output 
post of the shaker.
5) Set the shaker to vibrate at 1 g, 100 Hz by adjusting 
the B&K Function Generator (used to drive the shaker 
through the power amplifier) for an output of .5 Volts 
displayed on the Simpson Digital Multimeter.
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6) The Leq value at 100 Hz for each channel are displayed
on the Real-Time Analyzer. Based on calibration
charts, the gain of each accelerometer was adjusted so
that they equal 94 dB at 100 Hz.
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Figure 7 Block diagram for test calibration.
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CHAPTER 3
GLOVE AND BLADDER TESTING 
Viscous-Elastic Glove Testing
Tests were performed on vibration attenuating, viscous- 
elastic gloves currently on the market. Each of the gloves 
tested were composed of Viscoelast or Sorbathane in the 
fingers and palm, held by a leather or stretch material. The 
physical characteristics of four of the viscous-elastic 
gloves tested are tabulated below. These four gloves 
compose a representative cross-section of the numerous 
gloves tested to establish a baseline for which a future 
prototype bladder-glove system can be compared. Figure 6 0 
in Appendix III shows a typical viscous-elastic type glove.
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GLOVE
IDENTIFIER
MATERIAL IN 
PALM AND 
FINGERS
MATERIAL 
COMPOSING GLOVE
HAND FITTED
Glove 1 Neoprene Stretch Material Right
Glove 2 Neoprene Stretch Material Left
Glove 3 Neoprene Leather Material Left
Glove 4 Sorbothane Stretch Material Left
Table 2 Physical characteristics of four viscous-elastic 
gloves.
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TYPICAL VISCOUS-ELASTIC GLOVES
 Average GLOVE 1
................ Average GLOVE 2
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—  Average GLOVE 4
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Figure 8 Plot of the input to output acceleration ratio
against frequency for four viscous-elastic gloves.
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|  1/3 O ctave  B and 
§ F req u en cy  (Hz)
GLOVE 1 
RATIO
GLOVE 2 
RATIO
GLOVE 3 
RATIO
GLOVE 4  
RATIO
[
5 1.03 0.94 0.85 0.88
6.3 1.01 0.97 0.72 0.93
8 1.15 1.05 0.83 1.01
10 1.66 1.39 1.30 1.56
12.5 1.83 1.29 1.31 1.70
16 1.73 1.19 1.19 1.54
20 1.37 1.06 1.08 1.23
25 1.26 1.01 0.99 1.07
31.5 1.13 0.85 0.84 0.94
40 0.92 0.94 0.68 0.96
50 0.90 0.97 0.57 0.98
63 1.02 0.92 0.70 1.05
80 1.05 0.87 0.70 0.98
100 1.06 0.93 0.76 0.99
125 1.18 1.00 0.81 1.05
160 1.19 1.01 0.85 1.07
200 1.28 1.05 0.92 1.12
250 1.31 0.93 0.84 1.07
315 1.27 0.87 0.80 1.11
400 1.19 0.88 0.76 1.12
500 0.94 0.87 0.61 1.00
630 0.56 0.66 0.38 0.76
800 0.30 0.55 0.19 0.57
1000 0.24 0.34 0.14 0.44
1250 0.10 0.17 0.06 0.19
1600 0.07 0.15 0.04 0.11
2000 0.08 0.16 0.05 0.12
Table 3 Values of the input to output acceleration ratio
against frequency for four viscous-elastic gloves.
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Using the computer program cen.bas found in Appendix V, the 
transmissibility as a function of frequency can be reported 
in third octave bands with center frequencies from 31.5 Hz 
to 1250 Hz. 31.5 Hz to 200 Hz is considered the medium 
frequency range and 200 Hz to 1250 Hz is considered the high 
frequency range. According to the draft European Standard 
(CEN/231/3 N58, December, 1992), manufactures are not 
allowed to claim antivibration properties for gloves that do 
not fulfill the criteria that the value of transmissibility 
must be less than 1.0 for the medium frequency range and
[pi
less than 0.6 for the high frequency range . If the 
results of the measurements show transmissibility values 
greater than these limits, then the material or glove would 
not provide substantial attenuation in a practical 
situation. Figure 9 graphically depicts the weighted values 
obtained for four vibration attenuating gloves tested and 
identified in Table 4.
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VISCOUS GLOVE 1
VISCOUS GLOVE 2
VISCOUS GLOVE 3
VISCOUS GLOVE 4
(1.0 ACCEPTABLE FOR MEDIUM FREQ RANGE) 
(0.6 ACCEPTABLE FOR HIGH FREQ RANGE)
□ HIGH 
B MEDIUM
Figure 9 Weighted transmissibility values shown graphically 
for each glove tested.
MEDIUM
FREQUENCY
HIGH
FREQUENCY
VISCOUS GLOVE 1 1.17 0.79
VISCOUS GLOVE 2 0.97 0.67
VISCOUS GLOVE 3 0.82 0.54
VISCOUS GLOVE 4 1.06 0.83
Table 4 Weighted transmissibility values for each glove 
tested.
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Air Bladder Testing
As a precursor to optimizing a bladder-glove 
configuration for vibration attenuation, testing was 
performed on rectangular bladder sections. Once the 
vibration attenuating characteristics of these simplified 
bladder systems were better understood and modeled, they 
were used as the basis for developing a more complex, 
bladder-glove unit. The physical characteristics of each 
rectangular bladder is tabulated below, first in SI units, 
followed by English units. Figure 61 in Appendix III 
illustrates a typical rectangular bladder layout, not to 
scale.
I BLADDER 
1 IDENTIFIER
INFLATED
THICKNESS
(m)
LENGTH 
OF UNIT 
(m)
WIDTH 
OF UNIT 
(m)
INFLATED
VOLUME
(m3)
CROSS- 
SECTIONAL 
BLADDER AREA 
(m2)
Bladder 1 4 . 23xl0"3 0 .162 0 .108 4 . 26xl0"5 1 . 28xl0"2
Bladder 2 5 . 29xl0'3 0 . 175 0 .106 5 .15xl0"5 1 . 28xl0'2
Bladder 3 1 . 06xl0"2 0 .216 0 . 106 1 . 24x10 4 1 . 29xl0'2
Table 5 Physical characteristics of rectangular bladders 
in SI units.
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BLADDER
IDENTIFIER
INFLATED
THICKNESS
(in)
LENGTH 
OF UNIT 
(in)
WIDTH 
OF UNIT 
(in)
INFLATED
VOLUME
(in3)
CROSS- 
SECTIONAL 
BLADDER AREA 
(in2)
Bladder 1 0 . 17 6 .38 4.25 2 . 60 19 . 83
Bladder 2 0.21 6 . 89 4 .19 3 .14 19 .19
Bladder 3 0.42 8 . 50 4 .19 7.54 23 . 02
Table 6 Physical characteristics of rectangular bladders 
in English units.
The following figures and tables graphically 
represent the input to output acceleration ratios against 
frequency for the variety of bladders listed in Table 5 at 
four different pressures.
27
BLADDER 1
zo
LUOu
<
AVG 80 KPa 
AVG 60 KPa 
AVG 40 KPa 
AVG 20 KPa
2.00
1.80
1.60
1.40
1.20
1.00
0.80
0.60
0.40
0.20
0.00
in co in m oin o oo in oo o o
FREQUENCY (Hz)
Figure 10 Plot of the input to output acceleration ratio
against frequency for bladder 1 at four different pressures.
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|  1/3 Octave Band BLADDER 1
|  Frequency (Hz) 20 KPa | 40 KPa | 60 KPa | 80 KPa
5 1.07 1.03 1.13 1.04
6.3 1.09 1.10 1.12 1.06
8 1.17 1.17 1.15 1.12
10 1.45 1.51 1.51 1.50§
12.5 1.49 1.49 1.53 1.541
16 1.48 1.47 1.53 1.52
20 1.28 1.30 1.32 1.32
25 1.18 1.18 1.20 1.19
31.5 1.08 1.06 1.05 1.06
40 1.02 0.95 0.92 0.96
50 1.10 0.94 0.91 0.88
63 1.17 0.99 0.93 0.90
80 1.06 0.94 0.88 0.83
100 1.07 0.97 0.92 0.91
125 1.10 1.01 0.95 0.89
160 1.11 1.03 0.97 0.86
200 1.17 1.12 1.07 0.96
250 1.16 1.14 1.12 1.03
315 1.13 1.07 1.05 1.01
400 1.25 1.04 0.91 0.86
500 1.18 0.92 0.80 0.78
630 0.97 0.70 0.55 0.42
800 0.96 0.55 0.27 0.19
1000 0.98 0.48 0.21 0.13
1250 0.72 0.26 0.09 0.07
1600 0.43 0.13 0.06 0.06
2000 0.40 0.12 0.06 0.07
Table 7 Values of the input to output acceleration ratio
against frequency for bladder 1 at four different pressures.
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AVG 80 KPa 
AVG 60 KPa 
AVG 40 KPa 
AVG 20 KPa
BLADDER 2
i
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Figure 11 Plot of the input to output acceleration ratio
against frequency for bladder 2 at four different pressures.
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|  1/3 Octave Band 
I Frequency(Hz)
BLADDER 2
20 KPa | 40 KPa | 60 KPa | 80 KPa
5 1.03 1.01 I 1.01 1.00
6.3 1.06 1.03 1.05 1.04
8 1.11 1.13 1.10 1.15
10 1.46 1.41 1.40 1.43
12.5 1.49 1.43 1.56 1.43
16 1.51 1.41 1.46 1.45
20 1.29 1.23 1.25 1.25
25 1.14 1.09 1.10 1.10
31.5 1.00 0.96 0.96 0.95
40 0.93 0.89 0.88 0.87
50 0.95 0.81 0.72 0.73
63 0.94 0.80 0.74 0.77
80 0.97 0.83 0.83 0.85
100 0.99 0.85 0.87 0.89
125 1.04 0.90 0.90 0.91
160 1.04 0.94 0.94 0.96
200 1.10 0.98 1.01 1.03
250 1.08 0.92 0.94 0.98
315 0.99 0.76 0.72 0.77
400 0.91 0.63 0.54 0.57
500 0.82 0.56 0.44 0.44
630 0.65 0.45 0.31 0.27
800 0.58 0.29 0.17 0.14
1000 0.56 0.26 0.15 0.11
1250 0.40 0.14 0.07 0.06
1600 0.21 0.09 0.06 0.06
2000 0.21 0.09 0.07 0.07
Table 8 Values of the input to output acceleration ratio
against frequency for bladder 2 at four different pressures.
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BLADDER 3
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Figure 12 Plot of the input to output acceleration ratio
against frequency for bladder 3 at four different pressures.
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1/3 Octave Band 
Frequency (Hz)
BLADDER 3
10 KPa | 20 KPa | 30 KPa | 40 KPa
5 0.98 0.98 1.06 1.01
I 6.3 1.00 1.03 1.01 1.01
8 1.02 0.99 1.02 1.05
10 1.33 1.37 1.35 1.37
12.5 1.43 1.41 1.42 1.43
16 1.46 1.45 1.48 1.52
20 1.26 1.27 1.29 1.32
25 1.09 1.09 1.08 1.12
31.5 0.90 0.87 0.81 0.83
40 0.74 0.64 0.54 0.54
50 0.61 0.48 0.38 0.37
63 0.63 0.54 0.47 0.48
80 0.72 0.65 0.59 0.60
100 0.72 0.65 0.59 0.58
125 0.75 0.62 0.54 0.47
160 0.75 0.59 0.51 0.43
200 0.72 0.58 0.50 0.44
250 0.59 0.48 0.40 0.36
315 0.51 0.39 0.30 0.26
400 0.44 0.33 0.21 0.16
500 0.39 0.30 0.18 0.14
630 0.31 0.24 0.12 0.09
800 0.25 0.19 0.09 0.07
1000 0.23 0.17 0.08 0.06
1250 0.19 0.13 0.06 0.05
1600 0.11 0.08 0.05 0.05
2000 0.10 0.08 0.05 0.05
Table 9 Values of the input to output acceleration ratio
against frequency for bladder 3 at four different pressures
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The pressure for operation associated with the bladders 
is defined to be approximately 60 KPa for the smaller 
diameter bladders and 40 KPa for the larger. This 
determination is based on the feel of the bladders when 
inflated and a probable working stiffness, accounting for 
their rupturing limits. From this point forward, the 
results for each bladder and bladder-glove unit will be 
represented at these operating pressures. However, for 
information, acceleration ratios and graphs for each bladder 
and bladder-glove unit for a range of pressures with 
multiple subjects is included in Appendix I and Appendix II.
Figure 13 graphically depicts the weighted values 
obtained for the three rectangular bladders tested at their 
standard pressures for operation and numerically depicted in 
Table 10.
0.2 0.4 0.6 0.8
(1.0 ACCEPTABLE FOR MEDIUM FREQ RANGE) 
(0.6 ACCEPTABLE FOR HIGH FREQ RANGE)
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„ MEDIUM
Figure 13 Weighted transmissibility values shown graphically 
for the three rectangular bladders, each at their standard 
pressure for operation.
MEDIUM
FREQUENCY
HIGH
FREQUENCY
BLADDER! 0.97 0.64
BLADDER 2 0.87 0.44
BLADDER 3 0.46 0.15
Table 10 Weighted transmissibility values for each glove 
tested.
CHAPTER 4
MODELING
Bladder Characteristics Through 
FFT Analysis
The natural frequency is the frequency at which the 
system will oscillate after it has been disturbed from its 
static equilibrium position by an initial displacement.
The natural frequencies associated with the individual 
bladders at specific pressures were experimentally 
determined by sampling in both the time and frequency domain 
using the Fast Fourier Transform (FFT) feature on the real­
time analyzer. The data was then duplicated and confirmed 
using the MachineView® Inc. Wavepak®, Waveform Analysis 
package. This package allows an IBM PC or compatible to 
function as a duel-channel FFT signal analyzer and capture, 
display, analyze and store frequency spectra as ASCII data 
sets. A computer program was written to solve for the
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sets. A computer program was written to solve for the 
transfer function, magnitude and phase, mobility and 
coherence.
This testing determines the magnitude and phase of the 
impedance, including the coherence of the bladders when 
loaded by a mass providing a compression force equivalent to 
that found when the material is gripped by the hand. This 
parameter was consistently 25 Newtons or 2.6 3 Kg of mass, 
using gravity as the acceleration. This mass was also 
consistent with the gripping force used by past 
investigators in determining model parameters for the three- 
degree-of-freedom, mass-spring-damper models of the response 
characteristics of the hand to an excitation input. This 
allowed for the use of these parameters for the hand in a 
future development of a four degree-of-freedom model, 
substituting only for the parameters of the bladders and 
bladder-glove units.
This testing uses a shaker on which the bladder is 
placed with the loading mass on top. The mass was 
fabricated to cover the entire area of each bladder. Piezo-
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Resistive accelerometers were used to measure the vibration 
on the shaker and the vibration of the mass. The 
experimental setup for these measurements is illustrated by 
Figure 14, and Figures 15 through 17 graphically represent 
the magnitude and phase of impedance, including the 
coherence of each of the bladders. From these graphs, the 
natural frequency for each bladder at specific pressures can 
be derived and are represented by a peak amplitude, a 180 
degree change in phase or a vast reduction in coherence.
a  ( t )  
? .
a  ( t )
M A S S
[Q Q Q Q Q Q Q m g 3Q Q Q Q Q m Q Q B L A D D C R
S H A K E R
Figure 14 Experimental setup for FFT measurements including 
the shaker, mass and accelerometers.
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Figure 15 Magnitude and phase of impedance and the coherence
of bladder 1 at 60 KPa through FFT analysis.
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Figure 16 Magnitude and phase of impedance and the coherence
of bladder 2 at 60 KPa through FFT analysis.
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Figure 17 Magnitude and phase of impedance and the coherence
of bladder 3 at 4 0 KPa through FFT analysis.
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Spring Constants, Masses and Damping Coefficients
To determine the spring constant, k , of each specific 
bladder, the definition for the undamped natural frequency 
of a spring is employed110' :
where,
k = spring constant (Newtons/meter)
©„ = natural frequency (radians/second)
M  = mass (kilograms) (2.63 kg in this study)
so,
k = (£>l-M 
and because,
= 2’7t -fn
where,
fn = natural frequency (Hz) 
equation (4-3) becomes,
k  = ( 2 - K - f „ ) 2 - M  .
(4 -2 )
(4 -3)
(4 -4 )
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Generally, the best method for finding a good straight- 
line representation from experimental data is the least- 
squares method, or the method of linear regression. This 
method applies the reasoning that the most probable straight 
line is located such that the sum of the squares of the 
deviations add to a minimum1111 . Using a linear regression 
program, the following equation was obtained relating the 
spring constant to the area, volume and pressure of each 
bladder:
log k = A — B- log( Vol) + C  • log(P) + D  • log (Area) (4 - 5 )
where,
Area = Deflated area (length of unit by width of unit) 
of the bladder in contact with the mass (square 
meters)
P=  Pressure in the bladder (Pascals)
Vol — Volume of the bladder (cubic meters)
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Simplifying yields,
lo gk =  lo g ji?  • Vol1 ■ Pc ■ Area0]
or,
, „ Pc • Area0k = E  r-----
Vol
where,
e = \qa :
From the regression analysis, values for A, B, C and D 
are as follows:
A = 2.272
B = -1.797 
C = 0.351
D = 3.426
yielding a coefficient of determination of 0.964.
The volumes for each bladder were determined using a 
graduated cylinder and water. The deflated bladder was 
placed in the cylinder, inflated and the difference in 
volumes equated to the volume of the bladder. Within
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acceptable error, the volume of the bladders remained 
constant for each individual pressure level.
The natural frequency for each bladder at varying 
pressures was determined graphically from Figures 15 through 
17. The calculated spring constant was derived from 
equation 4-4 and predicted from equation 4-7. The 
correlation between the calculated and predicted values are 
shown graphically below for each of the three bladders and 
tabulated in table 11.
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Bladder Pressure
(Pa)
Natural
Frequency
(Hz)
Measured 
Spring 
Constant (k)
Predicted 
Spring 
Constant (k)
Bladder 1 20000 64 . 94 4 .384xl03 3.089xl03
40000 67.38 4.719xl03 3.94 0x103
60000 70 .31 5.139xlOb 4.543X103
80000 70 . 81 5.210X103 5.026xl03
Bladder 2 20000 45 . 17 2.121X103 2.553xlOb
40000 52 . 00 2.811xl03 3.257X103
60000 55 . 91 3.24 9xl03 3.755X103
80000 59 .08 3.628xl03 4.154X103
Bladder 3 10000 19 . 78 4 . 067x10'* 4.187x10*
20000 23 . 19 5.590xl04 5.341x10*
30000 26 .12 7.092x10* 6.158x10*
40000 29.00 8.742x10* 6.813x10*
Table 11 Values for the measured spring constant and 
predicted spring constant at several pressures for each 
rectangular bladder.
E
z
[5w
2
O
o
o
2
q;
a.w
6.000B-05
5.000B-05
4.000E+05
3.000EKJ5
2.000&-05
1.000E+05
O.OOOB-OO
BLADDER 1
10000 20000 30000 40000 50000 60000 70000 80000 90000 100000
MEASURED K (N/m)
j _x_ PREDICTED K (N/m)
PRESSURE (Pa)
Figure 18 Plot of the measured spring constant and predicted
spring constant verses pressure for Bladder 1.
46
z
2CO
z
o
o
0
z
C£Q-cn
4.500005
4.000005
3.500005 
3.000B-05
2.500005 
2.000B-05 
1.500B-05
1.000005 
5.000&04 
0.000000
BLADDER 2
10000
MEASURED K (N/m) 
_x—  PREDICTED K (N/m)
30000 50000 70000
PRESSURE (Pa)
90000
Figure 19 Plot of the measured spring constant and predicted 
spring constant verses pressure for Bladder 2.
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Figure 20 Plot of the measured spring constant and predicted
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The masses for each bladder were determined by weighing 
each deflated on a gram scale. These masses are tabulated 
in Table 11. The damping coefficient for each bladder was 
determined using the frequency offset from the real 
component of the impedance measurements. Using the 
following equations, a damping coefficient can be 
determined:
Measuring co, and co2 from the real component of the 
impedance measurement and using the equation
a value for L, can be obtained. Knowing the mass and the 
spring constant at each pressure, a value for the damping 
coefficient can be determined from the following:
vco,;
( 4 - 9 )
(4 -10)
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or
C4 =£ -2y]kA -mA . (4 -1 1 )
These values including a list of spring constants for 
each bladder at their individual standard pressure for 
operation are tabulated below.
BLADDER
IDENTIFIER
PREDICTED 
SPRING CONSTANT 
(N/m)
DAMPING
COEFFICIENT
(N-sec/m)
MASS
(kg)
Bladder 1 4.54xl05 184 0.0078
Bladder 2 3.76xl05 173 0.0087
Bladder 3 6.81xl04 76 0.0101
Table 12 Physical characteristics, coefficients and 
constants of each rectangular bladder at their standard 
pressure for operation.
Model Development
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A four degree-of-freedom, lumped parameter model was 
developed to better understand and predict the response of 
the hand and the bladder to an excitation input. Although 
the hand is a complex, nonhomogeneous system, previous 
investigators[1] t5] have shown that it can be represented by a 
number of discrete masses, linear springs and viscous 
dampers.
The four degree-of-freedom mass excited system is shown 
schematically in Figure 21. Mass 1 through 3 represent 
masses associated with the hand. Mass 4 represents the mass 
of the bladder or bladder-glove system. Force is input into 
the system through mass four (the bladder) and x^t) 
represents the displacement of mass i. Analyzing the 
equilibrium of forces in the system results in a set of four 
coupled second order differential equation as follows:
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m A
+ C4 ~ c4 + *4*4 ^  ~ k*x*® = ^  (4"12}
^  ( C 4 ^  C l) ' ~ ^ X l(t) ~  C 3 ~ ^ X 2 ( 0  ~  C 4 "*" ^ 4 "*" ^ 3  )  '  * 3  ( 0  _  ^3 X 2^f') ~  ^ 4 X 4 (0 = ®
( 4 - 1 3 )
d  ( x 2{ t f \  d  d  d
f K 2)-x1[<i ) - K 3x 3
( 4 - 1 4 )
m 2 j + ( c 3 + c2) • —  X2 (0 - c3 —  x3 (0 - c2 — X,( t )  +  (k2 + k 2(/) - ^ X (0 - ^ x,(0 = 0
f *i(0^  \ d  /.^ <3?
J  + ( c 2 + Cl ) - ^ ^ l ( 0 - C 2 — X2( / )  +  (A2 + ^ ) - X , ( 0 - ^ X 2 ( / )  =  0  ( 4 - 1 5 )
f ( t )
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x 4 ( t)
x 3 (t)
x 2 (t)
X, (t)
K, ^  rzh c
Figure 21 Conceptual schematic of a four degree-of-freedom, 
lumped parameter, mass-spring-damper system.
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Now, assume harmonic force and displacement solutions of the 
following form:
where i = 1, 2, 
time gives,
where i = 1, 2, 
in matrix form,
f { t )  = F e 'a' 
x i{t) = X leJ°‘
3, 4. Differentiating twice with respect to
( 4 - 1 6 )
( 4 - 1 7 )
=  ( 4 - 1 8 )
at
^ f ^ W c D 2^ ” ' ( 4 - 1 9 )d t \  dt )
3, 4. The equations of motion then become,
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0 0 0 '" A ‘ > 2 + c,) ~ C2 0 0 ■'A
-CO 2 /(»)/
0 m2 0 0 X2 ~C2 A + c2) ~C3 0 X2e
0 0 m3 0 A
+j(oeJ"'
0 ~C3 (c4+ c3) ~ C4
0 0 0 m4_. A . 0 0 ~ CA C4 . A *
Xh+K) 0 0 1 " A l " O '
k2 (k3+k2) A 0 x 2
= eJal
0
0 - « 3 (k4+k3) -k4 A 0
0 0 - / c K A * _F
+
( 4 - 2 0 )
o r ,
'£>, + / A A  + ./A 0 0 A ' "o'
A  + / A A  ~ A A A  + / A 0 A 0
0 A  + / A A  + / A A  + 7 A A 0
0 0 A  +7'A a  + yA _ . A . F
( 4 - 2 1 )
w h e r e ,
D ,  = k} + k2 - c o  2mx
D2 = —k2
D3 = k2 + k3 - co2m2
D< = - * 3
D5 = k3+k4 - c o  m 3
A  =
D7 = £4 - c o 2»!4
( 4 - 2 2 )
( 4 - 2 3 )
( 4 - 2 4 )
( 4 - 2 5 )
( 4 - 2 6 )
( 4 - 2 7 )
(4 -28 )
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Z?, =co(c, +c2) ( 4 - 2 9 )
A  = -coc2 ( 4 - 3 0 )
E3 = co (c2 +c3) ( 4 - 3 1 )
Ea = -coc3 ( 4 - 3 2 )
Es = co( c 3 + c 4 ) ( 4 - 3 3 )
A  = -®C4 ( 4 - 3 4 )
E-, = (oc4 . ( 4 - 3 5 )
Using Cramer's rule to solve for the driving point 
displacement, X4 ,
\ B \
( 4 - 3 6 )
where;
M«l =
A +jEx D2 +jE2 0 0
D2 +jE2 D3+jE3 A  +jE4 0
0 A  +/A A  +/A 0
0 0 A  +/A F
( 4 - 3 7 )
and
\B\ =
A +J'E,
A  + JE2 
0
0
A  +JE2 
£>3 + jE3
A  +jE„ 
0
0 0
D4 +jE4 0
D5 + jE5 Dh + JEb 
D(,+jE(, D1+jE1
(4 -38)
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Expanding the determinant (4-37) and simplifying gives:
\A4\ = (Dx + JEx){f [D3D5 -  D] -  E3E5 + E] +j(D3E5 + D5E3 -  2 D4E4)]
. . ( 4 - 3 9 )
-(A +JE2){f [D2D5-E2E5 +j(D2E5+D5E2]}
or,
\A<\ = F(DX + JEX)(GX + jH\ ) -  F(D2 + jE2){G2 +JH2) ( 4 - 4 0 )
where,
G, = A  A  -  D] - E3E5 + E] ( 4 - 4 D
G2 - A  A  -  E2Es ( 4 - 4 2 )
Hx = D3E5 + D5E3-2E4 A  ( 4 - 4 3 )
H2= D 2E5+D5E2 . ( 4 - 4 4 )
Simplifying further,
\A4\ = F[DxGx - ExH x -  D2G2 +E2H2 +j(D]H i - EXGX-D2H2-E2G2)
( 4 - 4 5 )
or,
K |  =  A A + / A )  ( 4 - 4 6 )
where,
G3 — DXGX — A  A  — D2G2 + A  H2 (4 - 47)
H 3 — d x H x —  a  G |  —  a  A  —  A  A  ■ ( 4 - 4 8 )
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In a similar manner, the determinant \B\ (4-38) may be
reduced to,
|£| = (A +7A>
(A + ./A)
'A A  - A  A  +y'(A A  - A  A) ~ T
D 26+El-j2D6E6 J .
-(A +>A)[AA - A  A +y(AA + AA)].
-(A +JE2){D2 +jE2)[D5D1-E5E1 + j(D5E1-D1E5)-D26 + E2 -J2D6E6\ 
or,
|5| = (A +;A)[(A +/AXA +jA)-(A +JAXA +j h5)
-(A + jE 2 )[( a  +y'A)(A +7A)] (4’50)
( 4 - 5 1 )  
( 4 - 5 2 )  
( 4 - 5 3 )  
( 4 - 5 4 )
Further expansion and simplification yields:
where,
g 4 = A A - A A - A 2+A2 
g 5 = a  a  - A  A  
A  = A A + A A - 2 A A  
A  = A A  + A A
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[B] = (Dt+jE{)
'D3G4-E3H4+jXD3H4+E3G4) ' 
- D4G5+E4H 5-j(D4H5+E4G5)
~(D2 +JE2)[D2G4-E2H, + j(D2H4 +E2G4)]
or,
\B\ = (Z>, + / £ ,  )(G6 +jH6)-(D2 + JE2)(G7 + jHn) 
w h e r e ,
= D3G4 - e3h 4- d 4g 5 +  e 4h 5 
Gj = D2G4 -E2H4 
h 6 = D3H4 + E3G4 - D4H 5 -  E4G5 
H 2= D 2H4+E2G4
Finally,
|2?| -  DlG6 -  E]H 6 +j(DlH6+ElG6)-D2G1+E2H 1 - j(D2H7 + E2G7) 
or,
1*1 = C8 +JHs
where,
(4 - 55)
( 4 - 5 6 )
( 4 - 5 7 )
( 4 - 5 8 )
( 4 - 5 9 )
( 4 - 6 0 )
( 4 - 6 1 )
( 4 - 6 2 )
Gh = DtG(t -  Et / / 6 -D2G1 + E2H 7 (4 -6 3 )
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Hg - D ,II(< + ElG6 -  D2/ / ,  -E2G1 . ( 4 - 6 4 )
The driving point displacement may be written as
K 1  F(G3 +jHi) 
\B\ Gs+jHs
- ~ 3 - ( 4 - 6 5 )
Similarly, the driving point frequency response function may 
be written as
X4 G3 + jH\ (G8 — jHs ) G,Gs+ H 3H8 +j(H3Gs- H sGi) 
F  Gs +jHs (G8 -jHt) Gl+Hl
or,
X4 ■ G3G8 + / / 3/ / 8 H3Gs~ H sG3 
F Gg + Hg Gg + Hg
( 4 - 6 7 )
or,
~r = 0,+JH, (4 -68 )
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where,
_ G3Gs +H3Hs 
G l + H l
( 4 - 6 9 )
and
_ H 3Gs H sG3 
G l + H l
( 4 - 7 0 )
In phasor form, the driving point transfer function may be 
written in terms of an amplitude and phase angle as follows:
F
= J g I + h , ( 4 - 7 1 )
and
( 4 - 7 2 )
In order to fully describe the response and transmissibility 
of the glove-hand system, it is necessary to mathematically
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describe the amplitude and phase of the third mass. The 
equations are developed in a similar manner to X4 / F . As 
before, using Cramer's rule to solve for the driving point 
displacement, X3 ,
where;
( 4 - 7 3 )
A  +jE 1
A  + ./A 
o 
o
A  +j A  
A  +./A 
A  +./A 
o
o o 
o o 
o A  +./A
F Dn +jE7
( 4 - 7 4 )
and the determinant of B, \B\ , is given by equation (4-62) 
Expanding \A3\ gives,
\ A , \ = F
( A A A  + A A A  + A A A  + A A A  + A  A  A A  2D2e2e6) + 
y(-AAA - A A A  - A A A  + A A A  + 2 A A A  + A2 A  - A2 A)
( 4 - 7 5 )
or
KbAAo+iAo) ( 4 - 7 6 )
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where,
G\o ~~D\D3D6 + D6EtE3 + DlE3E6 + D3ElE6 +D2D6 — D6E2 —1D2E2E6 (4 -7 7 )
H]0 = -DlD6E3 -D3D6E] - D]D3E6 +E]E3E6 +2 D2D6E2 +D2E6 - E2E6 (4-78)
Combining equations (4-73) and (4-76) gives the transfer 
function;
■^3 G\o +JH1
F
Mo
G S + j H 8
or,
(4-79)
X3 _ G sGw +H,Hl0 GSHW G]0H,  — --- ;---r---h /---=---r-- (4-80)
F Gl+Hl Gl+Hl
or in a simplified form,
X
-T = Gn+jHu (4-81)
F
where,
GSG.0 + HSHW
62
and
GSH]0 G]0HS
“ 11  i----  • (4-83)" G„ +Hl
In phasor form, the magnitude of the transfer function is 
given by
£
F
= ^ G 2n + H , ( 4 - 8 4 )
and
e3 = tan_l i~pr~)
vJ-.i
( 4 - 8 5 )
A computer program was written to calculate and plot 
the transfer dynamic compliance frequency response function. 
The results of this program are found in subsequent
sections.
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Model Fit
The model parameters found in Table 12 were calculated 
in previous studies[SI and used as a basis for the response 
characteristics of the hand when predicting the bladder-hand 
response to vibration. The parameters are from a three- 
degree -of -freedom, lumped parameter, mass-spring-damper 
model of the hand. The testing used to acquire these 
parameters used a circular handle and a subject gripping 
force similar to the ones used in this study. This will 
allow the use of these parameters in the four degree-of- 
freedom model developed later. The spring constants for the 
bladders were obtained from equation 4-7, the damping from 
equation 4-11 and each are tabulated in Table 12.
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PARAMETER (units) VALUE
Mass 1 (kg) 0 . 018
Mass 2 (kg) 0 .175
Mass 3 (kg) 0 . 088
Mass 4 (kg) see Table 11
Spring Constant 1 (N/m) 2.80xl05
Spring Constant 2 (N/m) 175
Spring Constant 3 (N/m) 5.25x10s
Spring Constant 4 (N/m) see Table 11
Damping Coefficient 1 (N-sec/m) 175 .1
Damping Coefficient 2 (N-sec/m) 210 . 2
Damping Coefficient 3 (N-sec/m) 245 . 2
Damping Coefficient 4 (N-sec/m) see Table 11
Table 13 Model Parameters in the Horizontal Direction for 
the Four Degree of Freedom Model.
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The acceleration ratios obtained from bladder testing 
and tabulated in Chapter 2 can be equated to this model 
because of the following relations:
A3 = r3co (4-86)
and,
A 4 = X 403 2 ( 4 - 8 7 )
where,
A4 and A3 = accelerations determined experimentally 
and calculated using equation (1-7) 
x4 and r3 = displacements determined numerically form 
the four degree-of-freedom model
It holds then, that from equations (4-86) and (4-87) that 
A3 x 3
~  = —  ( 4 - 8 8 )
4 * 4
and the numerical model and the experimental values for 
acceleration ratio can be compared. An acceleration ratio
to frequency plot of each bladder, identical to those in
Chapter 2, at their standard operating pressures against the 
numerical results of the four degree-of-freedom model are 
shown graphically as Figures 22 through 24.
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Figure 22 Graphical comparison of the measured acceleration 
ratios of the hand-bladder system and the four degree-of- 
freedom, lumped parameter, mass-spring-damper model: Bladder 
1 at 6 0 KPa.
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Figure 23 Graphical comparison of the measured acceleration 
ratios of the hand-bladder system and the four degree-of- 
freedom, lumped parameter, mass-spring-damper model: Bladder 
2 at 60 KPa.
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Figure 24 Graphical comparison of the measured acceleration 
ratios of the hand-bladder system and the four degree-of- 
freedom, lumped parameter, mass-spring-damper model: Bladder 
3 at 40 KPa.
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1/3 Oct BLADDER 1 BLADDER 2 BLADDER 3
Freq (Hz) MEASURED NUMERICAL MEASURED NUMERICAL MEASURED NUMERICAL
5 1.13 1.00 1.01 1.00 1.01 0.99
6.3 1.12 1.00 1.05 1.00 1.01 0.99
8 1.15 1.00 1.10 1.00 1.05 0.98
10 1.51 1.00 1.40 1.00 1.37 0.97
12.5 1.53 1.00 1.56 1.00 1.43 0.95
16 1.53 1.00 1.46 1.00 1.52 0.93
20 1.32 1.00 1.25 0.99 1.32 0.90
25 1.20 0.99 1.10 0.99 1.12 0.86
31.5 1.05 0.99 0.96 0.99 0.83 0.80
40 0.92 0.99 0.88 0.98 0.54 0.74
50 0.91 0.98 0.72 0.98 0.37 0.68
63 0.93 0.98 0.74 0.97 0.48 0.63
80 0.88 0.98 0.83 0.97 0.60 0.58
100 0.92 0.99 0.87 0.97 0.58 0.55
125 0.95 1.02 0.90 1.00 0.47 0.52
160 0.97 1.07 0.94 1.04 0.43 0.47
200 1.07 1.13 1.01 1.08 0.44 0.41
250 1.12 1.15 0.94 1.04 0.36 0.33
315 1.05 0.98 0.72 0.84 0.26 0.25
400 0.91 0.70 0.54 0.59 0.16 0.19
500 0.80 0.48 0.44 0.42 0.14 0.14
630 0.55 0.34 0.31 0.30 0.09 0.11
800 0.27 0.24 0.17 0.22 0.07 0.09
1000 0.21 0.18 0.15 0.17 0.06 0.07
1250 0.09 0.14 0.07 0.13 0.05 0.05
1600 0.06 0.11 0.06 0.10 0.05 0.04
2000 0.06 0.08 0.07 0.08 0.05 0.03
Table 14 Numerical comparison of the measured acceleration 
ratios of the hand-bladder system and the four degree-of- 
freedom, lumped parameter, mass-spring-damper model each 
rectangular bladder at their standard operating pressures.
CHAPTER 5
DEVELOPMENT AND TESTING OF A BLADDER-GLOVE 
VIBRATION ATTENUATING UNIT
Design and Description of a 
Bladder-Glove Unit
Based on the acceleration ratio testing results on 
three rectangular bladders in Chapter 2 and the four degree- 
of -freedom model comparisons in Chapter 4, a bladder 
configuration for a bladder-glove unit has been developed.
By examining the weighted transmissibility values shown 
graphically in Figure 13 for the three rectangular bladders, 
each at their standard pressure for operation, it was 
determined that Bladder 1 was bordering the acceptable 
limits for vibration attenuating materials. The dimensions 
of Bladder 1 were rejected for consideration. Using some 
subjective criteria, Bladder 3 was determined to be too
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thick when inflated to produce a practical, functional 
bladder-glove configuration. By deduction, a glove with 
inflated thickness identical or slightly higher than that of 
Bladder 2 was chosen to be the design target for a prototype 
unit. Figure 62 in Appendix III shows a typical bladder- 
glove layout illustration, not to scale.
Two prototype bladder-glove configurations were 
fabricated to the criteria mentioned above. Two different 
bladders were fabricated; one with an inflated thickness 
equal to Bladder 2 and one with an inflated thickness 
slightly greater than Bladder 2. Each bladder was placed in 
a flexible glove with a leather pad in the palm and fingers. 
The physical characteristics of each bladder-glove unit is 
tabulated below, first in SI units, followed by English 
units.
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GLOVE
IDENTIFIER
GLOVE
DESCRIPTION
INFLATED
THICKNESS
(m)
INFLATED
VOLUME
(m3)
CROSS- 
SECTIONAL 
AREA (m2)
Bladder- 
Glove 1
Two Left Handed and 
One Right Handed 
Gloves With Pad
5.29X10'3 5 . 80xl0'5 1 .40X10'2
Bladder- 
Glove 2
One Left Handed and 
Two Right Handed 
Gloves With Pad
6 . 88xl0'3 7 .13xl0"5 1 .32X10'2 1
Table 15 Physical characteristics of two bladder-glove 
vibration attenuating units in SI units.
GLOVE
IDENTIFIER
GLOVE
DESCRIPTION
INFLATED
THICKNESS
(in)
INFLATED
VOLUME
(in3)
CROSS-
SECTIONAL
AREA
(in2)
Bladder- 
Glove 1
Two Left Handed and 
One Right Handed 
Gloves With Pad
0 .21 3 . 54 21 . 64
Bladder- 
Glove 2
One Left Handed and 
Two Right Handed 
Gloves With Pad
0 .27 4 .35 20 .44
Table 16
vibration
Physical characteristics of two bladder-glove 
attenuating units in English units.
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The four degree-of-freedom model was used to confirm 
the vibration attenuating characteristics of each bladder- 
glove unit prior to completion of development using the 
volumes and areas specific to each bladder-glove unit. 
Figures 26 and 27 depict the model predictions for the two 
bladder-glove units along with the experimental results.
The results indicate, as expected, that gloves fabricated to 
the specifications found in Table 15 would exceed the 
vibration attenuating characteristics of all viscous-elastic 
gloves tested as well as the adopted standard
A^^r, 181 l12]guidelines
BLADDER-GLOVE 1
BLADDER-GLOVE 2
IZT’'
1.200.00 020 0 .4 0 0 .6 0 0 .8 0 1.00
(1 .0  A C C E PTA B LE F O R  MEDIUM FRQU EN CY  R ANGE) 
(0 .6  A C C E PT A B L E  F O R  HIGH FREQUENCY R ANGE) i HIGH 
MEDIUM
Figure 25 Weighted transmissibility values derived from the 
four degree-of-freedom, mass-spring-damper model shown 
graphically for each of the two bladder-glove units tested.
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MEDIUM
FREQUENCY
HIGH
FREQUENCY
BLADDER-GLOVE 1 0.84 0.40
BLADDER-GLOVE 2 0.74 0.36
Table 17 Weighted transmissibility values derived from the 
four degree-of-freedom, mass-spring-damper model for each of 
the two bladder-glove units tested.
The influence of the pad in the palm and fingers on the 
spring constant was not considered the model. It is 
expected the attenuation would increase slightly due to the 
addition of damping between the handle and the hand. The 
model predictions are shown graphically along with the 
experimental results for each bladder-glove unit in the 
following section.
7 5
Bladder-Glove Testing Results
The experimental measurement procedures were altered
slightly for this testing to meet the conditions outlined by
[8]the European Standard . Three subjects were used to test 
three configurations of each Bladder-Glove unit. Bladder- 
Glove 1 consisted of two left handed configurations and one 
right. Bladder-Glove 2 was the opposite. Averages of the 
three configurations are shown in the figures. The remainder 
of the test procedure was the same as before.
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Figure 26 Plot of the input to output acceleration ratio
against frequency for the average of three configurations of
Bladder-Glove 1 at 60 KPa with model predictions.
77
2.00
BLADDER-GLOVE 2 at 60 KPa
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Figure 27 Plot of the input to output acceleration ratio
against frequency for the average of three configurations of
Bladder-Glove 2 at 60 KPa with model predictions.
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1/3 O ctave  B and 
F req u en cy  (Hz)
BLADDER-GLV 1 
60 KPa
f  BLADDER-GLV 2 
| 60 KPa
5 1.22 0.97
6.3 0.72 0.62
8 0.71 0.62
10 0.86 0.91
12.5 0.79 0.92
16 0.74 0.88
20 0.84 0.92
25 0.88 0.95
31.5 1.05 1.03
40 1.18 1.06
50 1.02 0.93
63 0.84 0.78
80 0.79 0.72
100 0.86 0.79
125 0.83 0.75
160 0.74 0.69
200 0.78 0.71
250 0.79 0.69
315 0.69 0.58
400 0.49 0.41
500 0.37 0.30
630 0.26 0.21
800 0.17 0.13
1000 0.11 0.08
1250 0.05 0.03
1600 0.03 0.03
2000 0.04| 0.03
Table 18 Numerical values describing the input to output
acceleration ratio against frequency for two Bladder-Gloves
at 6 0 KPa.
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BLADDER-GLOVE 1
BLADDER-GLOVE 2
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Figure 28 Weighted transmissibility values shown graphically 
for the two bladder-glove units, each at their standard 
pressure for operation, 6 0 KPa.
MEDIUM
FREQUENCY
HIGH
FREQUENCY
BLADDER-GLOVE 1 0.82 0.39
BLADDER-GLOVE 2 0.75 0.33
Table 19 Weighted transmissibility values for the two 
bladder-glove units tested at their standard pressure for 
operation, 60 KPa.
As expected, the gloves consisting of the larger 
bladder had better attenuation than the gloves with the 
smaller bladder and both exceeded the performance of 
previously test viscous-elastic gloves. The results for 
Bladder-Glove 1 and Bladder-Glove 2 closely correlate to the
8 0
predicted values obtained from the four degree-of-freedom 
model. The weighted transmissibility values predicted in 
Table 17 and calculated in Table 19 are within 10% of one 
another.
The spring constants and damping coefficients for each 
bladder-glove unit at various pressures were measured in a 
manner similar to that used in Chapter 4. The results are 
shown below.
Bladder- 
Glove 
Unit
Pressure
(Pa)
Natural
Frequency
(Hz)
Measured
Spring
Constant
(k)
DAMPING
COEFFICIENT
(N-sec/m)
MASS
(kg)
Glove 1 20000 46 .19 2.218x10s 141 0.0089
40000 53 .10 2.931x10s 162
60000 56 . 95 3 .371x10s 174
80000 60 .18 3.765x10s 184
Glove 2 20000 35 .29 1.295x10^ 117 0.0096
40000 44 . 32 2.042x10^ 147
60000 48 . 71 2.466x10° 162
80000 53 .22 2.944x10s 177
Table 2 0 Values for the measured spring constant, natural
frequencies and damping at several pressures for each
bladder-glove unit.
CONCLUSIONS
Comprehensive testing of several viscous-elastic gloves 
currently marketed as vibration reducing personal equipment 
indicate that the amount of viscous-elastic material used in 
these gloves attenuate, at best, the minimum amount of 
vibration over a wide frequency range to be effective. 
Through numerical modeling and the development of a 
prototype bladder-glove unit, initial testing indicates a 
system of air bladders in the palm and fingers significantly 
attenuate medium and high vibration and surpass viscous- 
elastic material in vibration attenuating characteristics.
Specific conclusions based on observations of the test 
results are as follows:
• Most viscous-elastic type gloves marketed as vibration 
attenuating personal protective equipment possess 
deficient attenuating characteristics.
• Rectangular Air-Bladder 1 was comparable over a range of 
pressures in response to most viscous-elastic gloves
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tested. Bladder 1 was determined to be inadequate for 
vibration attenuation as defined by the CEN Standard. 
Rectangular Air-Bladder 2 exceeded the vibration 
attenuating characteristics of most viscous-elastic 
gloves tested and exceeded the guidelines outlined in the 
CEN Standard. Bladder 2 is also thin enough to allow a 
comfortable, feasible bladder-glove unit to be 
constructed.
Rectangular Air-Bladder 3 exceeded the vibration 
attenuating characteristics of all viscous-elastic gloves 
tested, but because of its thickness, was rejected as a 
feasible candidate for a prototype bladder-glove unit. 
Reproducible and uniform results from several subjects 
produce confidence in the results.
The spring constants and damping coefficients for each 
bladder appear to reasonable. The regression analysis 
performed for the spring constants yielded a high 
coefficient of determination and, as expected, the 
natural frequency of the bladders from which the spring
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constant and damping coefficient are derived, increase 
with increased pressure.
• The analytical model of the hand and bladder system fits 
well for frequencies over approximately 50 Hz. At low 
frequencies, contact between the adapter and the handle 
and resonance in individual hands may account for the 
unpredictable behavior. High frequency behavior is 
predicted with confidence.
® The bladder-glove units are not as easily predictable.
The pad in the palm of the glove and the loose contact 
between the glove and palm of the hand may account for 
discrepancies between the model and measured results. A 
model with increased degrees-of-freedom to allow for 
these particulars may increase the predictability.
• The prototype bladder-glove units tested appear to 
significantly attenuate medium and high vibration and 
surpass viscous-elastic material in attenuating 
characteristics.
• Pending further testing and modeling, development should 
focus on better adapting the air bladder system to a
8 4
glove configuration consolidated with a pump and release
valve.
RECOMMENDATIONS
Further Development of the Prototype 
Bladder-Glove Unit
The success in the market place for any vibration 
reducing gloves depends as heavily on its comfort and 
practicality as it does its attenuating characteristics. A 
rule of thumb when selecting personal protective equipment 
is if you can't tie your boots with the equipment on, it 
will not be worn. This was the primary reason for selecting 
smaller bladders, accepting a loss in performance, while 
maintaining the function of the hand.
The bladder-glove units are currently in a crude 
prototype phase with the bladders laid or lightly sewn into 
a flexible glove with a light pad in the palm and fingers. 
The pump is currently a separate unit that can be 
disconnected from the bladder. Great attention to detail 
needs to be given to incorporating the bladders into a
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comfortable, durable glove of a leather of heavy cloth 
material. The bladders may be constructed of a more rigid 
material to prevent rupture during rough handling of 
obj ects.
The incorporation of the pump and valve into the unit 
is critical. The location must be selected as to be non- 
restrictive during operation, yet easily accessible. At the 
base of the wrist on the palm side of the hand, or on the 
back of the hand are favorable locations.
The existing four degree-of-freedom model had success 
in predicting the response of bladders with varying volumes 
and should be considered as a valuable tool when optimizing 
a bladder-glove arrangement. However, the upper bounds of 
optimization are subjective criteria including comport and 
working feasibility. Field testing will help determine a 
maximum bladder thickness that can be used to attenuate 
vibration and still enable the user to function 
unencumbered.
APPENDIX I
GRAPHICAL RESULTS OF TESTING
Vibration Attenuating Rectangular 
Air Bladder Testing
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Figure 2 9 Five subject plot of the input to output
acceleration ratio against frequency for Bladder 1 at 20
KPa.
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Figure 3 0 Five subject plot of the input to output
acceleration ratio against frequency for Bladder 1 at 40
KPa.
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Figure 31 Five subject plot of the input to output
acceleration ratio against frequency for Bladder 1 at 60
KPa.
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Figure 32 Five subject plot of the input to output
acceleration ratio against frequency for Bladder 1 at 80
KPa.
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BLADDER 2: 20 KPa
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Figure 33 Five subject plot of the input to output
acceleration ratio against frequency for Bladder 2 at 2 0
KPa.
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Figure 34 Five subject plot of the input to output
acceleration ratio against frequency for Bladder 2 at 40
KPa .
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BLADDER 2: 60 KPa
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Figure 35 Five subject plot of the input to output
acceleration ratio against frequency for Bladder 2 at 60
KPa.
9 4
BLADDER 2: 80 KPa
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Figure 3 6 Five subject plot of the input to output
acceleration ratio against frequency for Bladder 2 at 80
KPa.
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BLADDER 3: 10 KPa
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Figure 37 Five subject plot of the input to output
acceleration ratio against frequency for Bladder 3 at 10
KPa.
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BLADDER 3: 20 KPa
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Figure 3 8 Five subject plot of the input to output
acceleration ratio against frequency for Bladder 3 at 20
KPa.
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BLADDER 3: 30 KPa
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Figure 3 9 Five subject plot of the input to output
acceleration ratio against frequency for Bladder 3 at 3 0
KPa.
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Figure 40 Five subject plot of the input to output
acceleration ratio against frequency for Bladder 3 at 40
KPa.
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Vibration Attenuating Bladder-Glove 
Unit Testing
 SUBJECT 1
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 SUBJECT 3
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Figure 41 Three subject plot of the input to output
acceleration ratio against frequency for the Bladder-Glove 1
at 60 KPa.
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Figure 42 Three subject plot of the input to output
acceleration ratio against frequency for the Bladder-Glove 2
at 6 0 KPa.
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Additional Vibration Attenuating 
Bladder-Glove Unit Testing
During the development of the two prototype bladder- 
glove units described in Chapter 5, six early prototype 
bladder-glove configurations were fabricated to the criteria 
tabulated below. Three different bladders were fabricated; 
one with an inflated thickness equal to the Rectangular 
Bladder 2; one with an inflated thickness slightly grater 
than Rectangular Bladder 2; and one with the thinner bladder 
lengths in the fingers and the larger in the palm. Each 
different bladder was placed in two different gloves, one 
with a leather pad in the palm and fingers, one without. 
These gloves were of lower quality than the ones described 
in Chapter 5 and were used to test bladder arrangements, 
materials and general operating parameters. The subsequent 
prototypes were designed slightly narrower in the palm due 
to observations made on these six.
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I GLOVE 
IDENTIFIER
GLOVE
DESCRIPTION
INFLATED
THICKNESS
(m)
INFLATED
VOLUME
(m3)
CROSS- 
SECTIONAL 
AREA (m2)
Bladder- 
Glove 3
Right Handed 
Without Pad 
in Palm
5.29x10 3 5 . 80xl0"5 1.40X10'2
Bladder- 
Glove 4
Right Handed 
Without Pad 
in Palm
6 . 88xl0"3 7 .13xl0"5 1. 32xl0'2
Bladder- 
Glove 5
Left Handed 
Without Pad 
in Palm
In Palm: 6 . 88xl0"3 
In Fingers : 5 . 2 9x10 3 6 . 67X10'5 1. 36xl0‘2
Bladder- 
Glove 6
Left Handed 
With Pad in 
Palm
5.29x10 3 5 . 80X10"5 1.4OxlO’2
Bladder- 
Glove 7
Right Handed 
With Pad in 
Palm
6.88x10 3 7 .13xl0"5 1. 32xl0"2
Bladder- 
Glove 8
Right Handed 
With Pad in 
Palm
In Palm: 6 . 88xl0'3 
In Fingers : 5 . 29x10 3 6 . 67xl0"5 1.36xl0"2
Table 21 Physical characteristics of six bladder-glove 
vibration attenuating units in SI units.
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GLOVE
IDENTIFIER
GLOVE
DESCRIPTION
INFLATED
THICKNESS
(in)
INFLATED
VOLUME
(in3)
CROSS-
SECTIONAL
AREA
(in2)
Bladder- 
Glove 3
Right Handed 
Without Pad 
in Palm
0.21 3 .54 21. 64
Bladder- 
Glove 4
Right Handed 
Without Pad 
in Palm
0.27 4 .35 20 .44
Bladder- 
Glove 5
Left Handed 
Without Pad 
in Palm
In Palm:0.21 
In Fingers:0.27 4 . 07 21 . 03
I Bladder- 
I Glove 6
Left Handed 
With Pad in 
Palm
0 .21 3 .54 21 . 64
Bladder- 
Glove 7
Right Handed 
With Pad in 
Palm
0 .27 4.35 20 .44
Bladder- 
Glove 8
Right Handed 
With Pad in 
Palm
In Palm:0.21 
In Fingers:0.27 4 .07 21 . 03
Table 22 Physical characteristics of six bladder-glove 
vibration attenuating units in English units.
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Figure 43 Five subject plot of the input to output
acceleration ratio against frequency for the Bladder-Glove 3
at 6 0 KPa.
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Figure 44 Five subject plot of the input to output
acceleration ratio against frequency for the Bladder-Glove 4
at 6 0 KPa.
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Figure 45 Five subject plot of the input to output
acceleration ratio against frequency for the Bladder-Glove 5
at 60 KPa.
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Figure 46 Five subject plot of the input to output
acceleration ratio against frequency for the Bladder-Glove 6
at 60 KPa.
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Figure 47 Five subject plot of the input to output
acceleration ratio against frequency for the Bladder-Glove 7
at 6 0 KPa.
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Figure 48 Five subject plot of the input to output
acceleration ratio against frequency for the Bladder-Glove 8
at 60 KPa.
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Rectangular Bladder Characteristics Through
FFT Analysis at Several Pressures
BLADDER 1 at 20 KPa
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Figure 49 Magnitude and phase of impedance and the coherence
of Rectangular Bladder 1 at 20 KPa through FFT analysis
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Figure 50 Magnitude and phase of impedance and the coherence
of Rectangular Bladder 1 at 40 KPa through FFT analysis
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BLADDER 1 a t 60 KPa
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Figure 51 Magnitude and phase of impedance and the coherence
of Rectangular Bladder 1 at 60 KPa through FFT analysis
C
OH
ER
EN
CE
 
II
113
BLADDER 2 at 20 KPa
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Figure 52 Magnitude and phase of impedance and the coherence
of Rectangular Bladder 2 at 20 KPa through FFT analysis
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Figure 53 Magnitude and phase of impedance and the coherence
of Rectangular Bladder 2 at 40 KPa through FFT analysis
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BLADDER 2 a t 60 KPa
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Figure 54 Magnitude and phase of impedance and the coherence
of Rectangular Bladder 2 at 60 KPa through FFT analysis
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Figure 55 Magnitude and phase of impedance and the coherence
of Rectangular Bladder 2 at 80 KPa through FFT analysis
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Figure 56 Magnitude and phase of impedance and the coherence
of Rectangular Bladder 3 at 10 KPa through FFT analysis
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BLADDER 3 at 20 KPa
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Figure 57 Magnitude and phase of impedance and the coherence
of Rectangular Bladder 3 at 20 KPa through FFT analysis
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Figure 58 Magnitude and phase of impedance and the coherence
of Rectangular Bladder 3 at 30 KPa through FFT analysis
120
BLADDER 3 a t 40 KPa
UJo3H
Z
(3
<
2
0.1
0.01
1 10 100 1000
FREQUENCY (Hz)
100 1C DO
FREQUENCY (Hz)
0.9
0.8
m 0.7
z  0.6 
UJ
£E 0.5
UJ
g  0.4 
° 0.3
0.2 
0.1
1 10 100 1000
FREQUENCY (Hz)
Figure 59 Magnitude and phase of impedance and the coherence
of Rectangular Bladder 3 at 40 KPa through FFT analysis
APPENDIX II
NUMERICAL COMPREHENSIVE RESULTS 
Viscous-Elastic Glove Results
1/3 Octave Band Subject Subject Subject Subject Subject Average
Frequency (Hz) 1 2 3 4 5 GLOVE 1
5 0.95 1.12 1.00 0.98 1.09 1.03
6.3 0.98 1.20 1.09 0.92 0.85 1.01
8 1.15 1.29 1.20 1.08 1.02 1.15
10 1.51 2.16 1.66 1.81 1.14 1.66
12.5 1.66 2.32 1.83 1.95 1.38 1.83
16 1.53 2.04 1.63 1.89 1.54 1.73
20 1.27 1.66 1.30 1.37 1.25 1.37
25 1.19 1.48 1.22 1.27 1.15 1.26
31.5 1.08 1.36 1.08 1.12 0.99 1.13
40 0.89 1.06 0.97 0.84 0.84 0.92
50 0.90 1.00 0.95 0.84 0.81 0.90
63 0.90 1.23 1.28 0.90 0.81 1.02
80 1.01 1.01 0.94 1.24 1.04 1.05
100 1.02 1.12 0.98 1.09 1.08 1.06
125 1.16 1.15 1.14 1.27 1.16 1.18
160 1.19 1.24 1.14 1.24 1.13 1.19
200 1.26 1.36 1.30 1.27 1.19 1.28
250 1.33 1.40 1.30 1.33 1.22 1.31
315 1.29 1.33 1.23 1.40 1.08 1.27
400 1.19 1.35 1.23 1.13 1.03 1.19
500 0.87 1.16 0.98 0.87 0.83 0.94
630 0.49 0.68 0.59 0.53 0.50 0.56
800 0.24 0.24 0.28 0.35 0.37 0.30
1000 0.19 0.19 0.22 0.27 0.34 0.24
1250 0.07 0.08 0.06 0.11 0.16 0.10
1600 0.05 0.03 0.04 0.08 0.13 0.07
2000 0.05 0.03 0.04 0.09 0.17 0.08
Table 23 Input to output acceleration ratios for five
subjects wearing the Viscous-Elastic Glove 1.
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1/3 Octave Band Subject Subject Subject Subject Subject Average
Frequency (Hz) 1 2 3 4 5 GLOVE 2
5 0.86 1.01 0.90 0.97 0.97 0.94
6.3 0.89 1.06 0.98 0.97 0.93 0.97
8 1.05 1.06 1.04 1.09 1.02 1.05
10 1.26 1.62 1.31 1.70 1.07 1.39
12.5 1.17 1.48 1.23 1.52 1.03 1.29
16 1.05 1.29 1.07 1.42 1.11 1.19
20 0.95 1.20 0.96 1.15 1.04 1.06
25 0.93 1.10 0.93 1.10 0.98 1.01
31.5 0.77 0.97 0.77 0.92 0.81 0.85
40 0.84 1.05 0.94 0.91 0.96 0.94
50 0.88 1.08 0.98 0.94 0.97 0.97
63 0.79 0.94 1.05 0.93 0.85 . 0.92
80 0.83 0.91 0.81 0.98 0.80 0.87
100 0.88 0.99 0.85 0.98 0.97 0.93
125 0.95 1.04 0.98 1.07 0.96 1.00
160 0.99 1.06 0.96 1.08 0.97 1.01
200 1.01 1.07 1.03 1.11 1.03 1.05
250 0.80 1.06 0.88 0.97 0.92 0.93
315 0.65 1.17 0.82 0.94 0.79 0.87
400 0.62 1.19 0.83 0.87 0.91 0.88
500 0.64 1.12 0.82 0.86 0.92 0.87
630 0.50 0.84 0.66 0.63 0.66 0.66
800 0.40 0.67 0.61 0.49 0.60 0.55
1000 0.20 0.44 0.34 0.28 0.43 0.34
1250 0.09 0.26 0.12 0.14 0.24 0.17
1600 0.13 0.15 0.14 0.12 0.21 0.15
2000 0.14 0.15 0.16 0.13 0.25 0.16
Table 24 Input to output acceleration ratios for five
subjects wearing the Viscous-Elastic Glove 2.
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1/3 Octave Band Subject Subject Subject Subject Subject Average
Frequency (Hz) 1 2 3 4 5 GLOVE 3
5 0.88 0.76 0.88 0.85 0.87 0.85
6.3 0.54 0.66 1.05 0.62 0.71 0.72
8 0.61 0.77 1.23 0.72 0.82 0.83
10 0.97 1.33 1.62 1.31 1.26 1.30
12.5 1.10 1.46 1.82 1.33 0.84 1.31
16 0.89 1.29 1.70 1.19 0.88 1.19
20 0.84 1.20 1.36 1.01 0.99 1 08
25 0.77 1.08 1.20 0.94 0.95 0.99
31.5 0.64 0.95 1.06 0.78 0.79 0.84
40 0.46 0.81 0.88 0.60 0.65 0.68
50 0.41 0.58 0.84 0.50 0.50 0.57
63 0.51 0.75 1.01 0.66 0.58 0.70
80 0.56 0.78 0.85 0.70 0.60 0.70
100 0.59 0.84 0.93 0.72 0.72 0.76
125 0.60 0.88 1.08 0.76 0.71 0.81
160 0.65 0.92 1.05 0.80 0.83 0.85
200 0.67 1.04 1.12 0.87 0.88 0.92
250 0.52 1.08 1.12 0.78 0.70 0.84
315 0.48 1.11 1.10 0.77 0.53 0.80
400 0.39 0.92 1.32 0.64 0.50 0.76
500 0.31 0.72 1.08 0.49 0.42 0.61
630 0.22 0.42 0.65 0.30 0.31 . . 0.38
800 0.11 0.18 0.42 0.13 0.14 0.19
1000 0.10 0.10 0.28 0.09 0.12 0.14
1250 0.06 0.05 0.08 0.04 0.06 0.06
1600 0.05 0.03 0.05 0.03 0.06 0.04
2000 0.05 0.04 0.05 0.03 0.07 0.05
Table 25 Input to output acceleration ratios for five
subjects wearing the Viscous-Elastic Glove 3.
1 2 4
1/3 Octave Band Subject Subject Subject Subject Subject Average
Frequency (Hz) 1 2 3 4 5 GLOVE 4
5 0.79 0.95 0.83 0.85 0.97 0.88
6.3 0.79 1.07 0.96 0.94 0.90 0.93
8 0.82 1.20 1.02 1.08 0.92 1.01
10 1.33 1.95 1.49 1.94 1.07 1.56
12.5 1.30 2.43 1.67 1.90 1.22 1.70
16 0.98 2.34 1.43 1.73 1.23 1.54
20 0.97 1.66 1.13 1.25 1.16 1.23
25 0.87 1.36 0.99 1.07 1.06 1.07
31.5 0.73 1.26 0.85 0.88 0.97 0.94
40 0.84 1.10 0.98 0.90 1.01 . 0.96
50 0.84 1.10 1.02 1.05 0.87 0.98
63 0.88 1.12 1.25 1.11 0.90 I.OsH
80 0.88 1.15 0.92 1.01 0.94 0.98
100 0.86 1.14 0.90 0.97 1.06 0.99
125 0.90 1.20 1.03 1.06 1.04 ■ ■ 1.05
160 0.93 1.26 1.03 1.10 1.04 1.07
200 0.97 1.27 1.11 1.17 1.06 1.12
250 0.91 1.27 1.04 1.12 0.99 1.07
315 1.00 1.33 1.09 1.25 0.87 . 1.11
400 0.85 1.41 1.15 1.29 0.90 1.12
500 0.79 1.24 1.01 1.16 0.79 1.00
630 0.74 0.84 0.80 0.92 0.51 0.76
800 0.60 0.56 0.64 0.60 0.44 0.57
1000 0.50 0.42 0.47 0.42 0.39 0.44
1250 0.27 0.18 0.13 0.15 0.20 0.19
1600 0.15 0.08 0.09 0.07 0.14 0.11
2000 0.15 0.08 0.10 0.08 0.17 0.12
Table 2 6 Input to output acceleration ratios for five
subjects wearing the Viscous-Elastic Glove 4.
125
R e c t a n g u l a r  A i r  B l a d d e r  R e s u l t s
|  1/3 Octave Band SUBJECT SUBJECT SUBJECT SUBJECT SUBJECT AVG
8 Frequency (Hz) 1 2 3 4 5 | 20 KPa
5 1.09 1.03 1.09 1.05 1.09 1.07
6.3 1.12 0.99 1.13 1.05 1.14 1.09
8 1.19 0.99 1.26 1.08 1.34 1.17
10 1.12 0.95 1.46 1.82 1.91 1.45
12.5 1.04 0.93 1.45 1.98 2.03 1.49
16 1.13 0.96 1.49 1.85 1.96 1.48
20 1.06 0.90 1.31 1.52 1.61 ■ ■ ■ '1.28
25 1.01 0.87 1.20 1.39 1.42 1.18
31.5 0.97 0.84 1.10 1.24 1.26 1.08
40 0.94 1.00 1.01 1.05 1.09 1.02
I  50 0.97 1.10 1.10 1.09 1.25 1.10
I  63 1.10 1.12 1.18 1.17 1.27 1.17
80 1.00 0.97 1.06 1.14 1.12 , 1.06
100 0.97 0.94 1.07 1.16 1.19 1.07
125 1.00 0.95 1.12 1.17 1.26 1.10
160 1.01 0.96 1.13 1.21 1.26 1.11
200 1.06 1.00 1.18 1.27 1.32 1.17
250 1.05 0.97 1.18 1.27 1.34 1.16
315 1.07 1.00 1.14 1.22 1.22 1.13
400 1.12 0.98 1.30 1.31 1.52 .1.25
500 1.09 0.94 1.23 1.24 1.39 1.18
630 1.04 0.91 1.01 0.93 0.98 0.97
800 1.10 0.93 0.99 0.87 0.89 • 0.96
1000 1.23 1.12 0.97 0.81 0.77 0.98
1250 0.95 0.92 0.69 0.54 0.51 0.72
1600 0.58 0.80 0.34 0.23 0.20 0.43
2000 0.52 0.80 0.30 0.21 0.18 0.40
Table 27 Input to output acceleration ratios for five
subjects wearing Bladder 1 at 20 KPa.
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1/3 Octave Band SUBJECT SUBJECT SUBJECT SUBJECT SUBJECT AVG
Frequency (Hz) 1 2 3 4 5 40 KPa
5 1.13 1.02 1.05 0.97 0.97 1.03
6.3 1.11 1.03 1.13 1.06 1.15 1.10
8 1.19 1.06 1.24 1.06 1.29 1.17
10 1.20 1.04 1.53 1.85 1.95 1.51
12.5 1.03 0.87 1.46 2.03 2.07 1.49
16 1.09 0.93 1.47 1.87 1.99 1.47
20 1.04 0.92 1.31 1.55 1.66 1.30
25 0.96 0.88 1.18 1.43 1.47 1.18
31.5 0.88 0.79 1.07 1.26 1.29 1.06
40 0.88 0.82 0.96 1.04 1.05 : 0.95
50 0.87 0.81 0.97 0.98 1.07 0.94
63 1.04 0.88 1.03 1.01 1.02 0.99
80 0.93 0.82 0.95 1.03 0.98 0.94
100 0.91 0.82 0.99 1.08 1.07 0.97
125 0.91 0.85 1.02 1.13 1.13 1.01
160 0.94 0.88 1.04 1.14 1.16 1.03
200 1.03 0.94 1.14 1.23 1.26 1.12
250 1.04 0.92 1.16 1.25 1.31 1.14
315 1.05 0.91 1.09 1.15 1.13 1.07
400 1.04 0.78 1.11 1.10 1.18 ■ 1.04
500 0.97 0.68 0.98 0.97 0.98 f 0.92
630 0.84 0.54 0.75 0.71 0.66 0.70
800 0.72 0.35 0.60 0.57 0.49 0.55
1000 0.73 0.33 0.51 0.47 0.35 0.48
1250 0.43 0.18 0.27 0.25 0.17 0.26
1600 0.21 0.14 0.12 0.11 0.07 0.13
2000 0.19 0.13 0.11 0.11 0.07 0.12
Table 28 Input to output acceleration ratios for five
subjects wearing Bladder 1 at 4 0 KPa.
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1/3 Octave Band SUBJECT SUBJECT SUBJECT SUBJECT SUBJECT AVG
Frequency (Hz) 1 2 3 4 5 60 KPa
5 1.13 1.02 1.17 1.13 1.21 1.13
6.3 1.11 0.95 1.18 1.12 1.25 1.12
8 1.14 1.02 1.21 1.06 1.29 1.15
10 1.19 1.14 1.50 1.82 1.91 1.51
12.5 1.06 1.00 1.49 2.00 2.07 1.53
16 1.16 1.08 1.52 1.90 2.01 1.53
20 1.06 1.00 1.34 1.53 1.68 1.32
25 0.96 0.89 1.20 1.45 1.50 1.20
31.5 0.84 0.75 1.05 1.28 1.32 1.05
40 0.84 0.75 0.94 1.04 1.05 0.92
50 0.84 0.76 0.94 0.96 1.04 0.91
63 0.89 0.85 0.93 0.97 0.98 0.93
80 0.83 0.78 0.88 0.99 0.92 0.88
100 0.84 0.78 0.92 1.03 1.01 0.92
125 0.84 0.81 0.94 1.08 1.06 0.95
160 0.85 0.85 0.96 1.09 1.08 0.97
200 0.97 0.90 1.08 1.19 1.21 1.07
250 1.00 0.90 1.14 1.24 1.29 1.12
315 1.04 0.91 1.07 1.13 1.09 1.05
400 0.78 0.81 0.91 1.01 1.05 0.91
500 0.83 0.70 0.81 0.84 0.80 0.80
630 0.61 0.51 0.55 0.57 0.49 0.55
800 0.28 0.26 0.25 0.33 0.23 0.27
1000 0.18 0.18 0.19 0.32 0.20 0.21
1250 0.09 0.08 0.08 0.14 0.07 0.09
1600 0.06 0.07 0.05 0.08 0.04 0.06
2000 0.06 0.07 0.05 0.09 0.05 0 .0 6 |
Table 29 Input to output acceleration ratios for five
subjects wearing Bladder 1 at 6 0 KPa.
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1/3 Octave Band SUBJECT SUBJECT SUBJECT SUBJECT SUBJECT AVG
Frequency (Hz) 1 2 3 4 5 80 KPa
5 1.10 0.98 1.07 1.02 1.04 1.04
6.3 1.09 0.92 1.11 1.05 1.14 1.06
8 1.11 0.98 1.22 0.95 1.34 1.12
10 1.12 1.27 1.45 1.79 1.86 1.50
12.5 1.06 1.15 1.47 2.00 2.03 1.54
16 1.16 1.17 1.49 1.87 1.92 1.52
20 1.06 1.01 1.33 1.52 1.66 1.32
25 0.96 0.87 1.19 1.44 1.48 1.19
31.5 0.85 0.71 1.07 1.30 1.35 1.06
40 0.88 0.72 0.99 1.08 1.11 0.96
50 0.90 0.77 0.95 0.80 1.00 0.88
63 0.88 0.86 0.92 0.86 0.95 0.90
80 0.84 0.77 0.86 0.83 0.87 0.83
100 0.86 0.78 0.93 0.98 1.00 0.91
125 0.88 0.80 0.95 0.81 1.02 0.89
160 0.81 0.84 0.88 0.73 1.02 ,0.86
200 0.92 0.90 0.90 0.94 1.12 0.96
250 0.94 0.92 0.97 1.12 1.22 1.03
315 0.96 0.92 0.91 1.12 1.13 1.01
400 0.82 0.77 0.82 0.92 0.97 0.86
500 0.74 0.65 0.70 0.95 0.85 0.78
630 0.42 0.39 0.37 0.45 0.45 0.42
800 0.19 0.19 0.16 0.20 0.22 0:19
1000 0.12 0.12 0.13 0.12 0.17 0.13
1250 0.07 0.06 0.07 0.07 0.07 0.07
1600 0.06 0.06 0.06 0.06 0.05 0.06
2000 0.06 0.07 0.06 0.10 0.06 0.07
Table 30 Input to output acceleration ratios for five
subjects wearing Bladder 1 at 80 KPa.
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1 1/3 Octave Band SUBJECT SUBJECT SUBJECT SUBJECT SUBJECT AVG 1
8 Frequency (Hz) 1 2 3 4 5 20 KPa 1
8 5 1.05 0.94 1.07 1.02 1.09 1.03
6.3 1.03 0.92 1.12 1.01 1.23 1.06
8 1.10 0.93 1.18 1.06 1.26 1.11
10 1.15 1.16 1.45 1.71 1.82 1.46
12.5 0.99 1.10 1.40 2.00 1.98 ' 1.49
16 1.08 1.10 1.46 1.93 1.99 1.51
20 1.01 0.92 1.29 1.57 1.64 1.29
25 0.94 0.80 1.16 1.37 1.43 1.14
31.5 0.85 0.65 1.03 1.22 1.24 1.00
40 0.86 0.86 0.93 1.01 1.00 0.93
50 0.86 1.04 0.95 0.89 1.04 0.95
63 0.95 0.99 0.93 0.94 0.90 0.94
80 0.89 0.93 0.93 1.09 0.98 0.97
100 0.89 0.90 0.98 1.08 1.08 0 99
125 0.92 0.93 1.04 1.15 1.17 1.04
160 0.94 0.94 1.04 1.13 1.16 1.04
200 0.99 0.99 1.11 1.18 1.23 1.10
250 0.96 0.98 1.08 1.17 1.22 1.08
315 0.89 1.00 0.94 1.12 1.00 ■ 0.99
400 0.73 0.94 0.88 0.97 1.05 0.91
500 0.64 0.91 0.75 0.92 0.87 0.82
630 0.52 0.86 0.56 0.73 0.60 0.65
800 0.44 0.72 0.49 0.70 0.55 0.58
1000 0.46 0.67 0.47 0.73 0.49 0.56
1250 0.32 0.41 0.35 0.52 0.38 0.40
1600 0.19 0.30 0.17 0.23 0.15 0.21
2000 0.18 0.34 0.15 0.22 0.13 0.21
Table 31 Input to output acceleration ratios for five
subjects wearing Bladder 2 at 20 KPa.
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1/3 Octave Band SUBJECT SUBJECT SUBJECT SUBJECT SUBJECT AVG
Frequency (Hz) 1 2 3 4 5 40 KPa
5 1.11 0.99 1.03 0.97 0.96 1.01
6.3 1.04 0.96 1.08 0.97 1.12 1.03
8 1.08 1.00 1.18 1.07 1.29 1.13
10 1.10 1.12 1.39 1.69 1.76 1.41
12.5 0.97 0.99 1.35 1.95 1.87 1.43
16 1.01 1.02 1.35 1.86 1.81 1.41
20 0.98 0.94 1.22 1.52 1.52 1.23
25 0.90 0.82 1.09 1.33 1.32 1.09
31.5 0.80 0.66 0.97 1.19 1.16 0.96
40 0.85 0.69 0.92 1.00 0.99 0.89
50 0.82 0.79 0.82 0.80 0.81 0.81
63 0.84 0.88 0.75 0.84 0.68 0.80
80 0.76 0.80 0.78 1.00 0.79 0.83
100 0.78 0.79 0.83 1.00 0.88 0.85
125 0.80 0.83 0.87 1.06 0.95 0.90
160 0.85 0.87 0.92 1.06 1.00 0.94
200 0.90 0.90 0.97 1.10 1.04 0.98
250 0.83 0.87 0.89 1.06 0.96 0.92
315 0.70 0.82 0.67 0.94 0.65 0.76
400 0.53 0.66 0.57 0.79 0.62 0.63
500 0.45 0.61 0.48 0.74 0.51 0.56
630 0.37 0.54 0.37 0.60 0.37 0.45
800 0.26 0.43 0.20 0.41 0.15 0.29
1000 0.23 0.38 0.16 0.41 0.12 0.26
1250 0.11 0.26 0.07 0.23 0.05 0.14
1600 0.06 0.16 0.05 0.14 0.04 0.09
2000 0.06 0.16 0.05 0.14 0.04 0.09
Table 32 Input to output acceleration ratios for five
subjects wearing Bladder 2 at 40 KPa.
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I  1/3 Octave Band SUBJECT SUBJECT SUBJECT SUBJECT SUBJECT AVG
B Frequency (Hz) 1 2 3 4 5 60 KPa
I
5 1.04 0.97 1.03 0.99 1.03 1-01
6.3 1.03 0.94 1.10 0.99 1.18 1.0si
8 1.06 0.94 1.16 1.06 1.26 1.10
10 1.11 1.26 1.35 1.64 1.64 1.40
12.5 0.95 1.15 1.44 2.08 2.20 1.56
16 1.03 1.17 1.37 1.87 1.83 1.46
20 1.00 0.98 1.23 1.52 1.52 1.25
25 0.91 0.85 1.10 1.33 1.32 1.10
31.5 0.79 0.71 0.96 1.19 1.17 0.96
40 0.81 0.73 0.88 1.00 0.97 0.88
50 0.71 0.70 0.71 0.76 0.72 0.72
63 0.73 0.74 0.71 0.84 0.68 0.74
80 0.74 0.72 0.80 1.04 0.86 0.83
100 0.78 0.72 0.86 1.03 0.95 0.87
125 0.79 0.77 0.89 1.08 1.00 0.90
160 0.84 0.82 0.93 1.08 1.03 0.94
200 0.90 0.87 1.00 1.14 1.11 1.01
250 0.83 0.83 0.92 1.09 1.01 0.94
315 0.70 0.75 0.65 0.92 0.61 0.72
400 0.45 0.55 0.48 0.72 0.50 0.54
500 0.35 0.46 0.36 0.65 0.37 0.44
630 0.23 0.32 0.24 0.52 0.25 0.31
800 0.13 0.17 0.11 0.34 0.09 0.17
1000 0.11 0.14 0.09 0.33 0.07 0.151
1250 0.04 0.07 0.03 0.18 0.03 0.071
1600 0.04 0.06 0.04 0.14 0.04 0.061
2000 0.04 0.06 0.04 0.15 0.05 • r -y i 0 .0 7 |
Table 33 Input to output acceleration ratios for five
subjects wearing Bladder 2 at 60 KPa.
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1/3 O ctave Band SUBJECT SUBJECT SUBJECT SUBJECT SUBJECT AVG g
Frequency (Hz) 1 2 3 4 5 80 KPa
5 0.98 0.98 1.01 1.00 1.04 1.00
6.3 1.03 0.96 1.09 0.98 1.15 1.04
8 1.11 0.97 1.23 1.09 1.36 1.15
10 1.17 1.24 1.40 1.66 1.68 1.43
12.5 0.95 1.19 1.30 1.91 1.79 1.43
16 1.02 1.28 1.34 1.85 1.77 1.45
20 1.00 1.06 1.21 1.50 1.47 1.25
25 0.92 0.90 1.09 1.31 1.28 1.10
31.5 0.78 0.74 0.93 1.17 1.12 0.95
40 0.77 0.75 0.86 1.00 0.97 0.87
50 0.67 0.71 0.72 0.79 0.78 0.73
63 0.72 0.74 0.75 0.88 0.77 0.77
80 0.68 0.75 0.80 1.07 0.93 0.85
100 0.72 0.75 0.87 1.06 1.04 0.89
125 0.73 0.78 0.88 1.11 1.07 0.91
160 0.77 0.84 0.94 1.12 1.13 0.96
200 0.83 0.89 1.01 1.18 1.23 1.03
250 0.81 0.90 0.95 1.13 1.11 0.98
315 0.73 0.79 0.70 0.96 0.68 0.77
400 0.45 0.55 0.51 0.76 0.57 0.57
500 0.33 0.42 0.36 0.67 0.40 0.44
630 0.18 0.27 0.20 0.49 0.22 0.27
800 0.09 0.11 0.09 0.34 0.09 0.14
1000 0.06 0.10 0.06 0.30 0.05 0.11
1250 0.03 0.05 0.03 0.17 0.02 0.06
1600 0.03 0.04 0.04 0.15 0.05 0.06
2000 0.04 0.04 0.05 0.16 0.05 0.07
Table 34 Input to output acceleration ratios for five
subjects wearing Bladder 2 at 80 KPa.
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1/3 Octave Band | SUBJECT SUBJECT SUBJECT SUBJECT SUBJECT AVG |
Frequency (Hz) 1 2 3 4 5 10 KPa
5 1.00 0.87 1.02 0.99 1.03 0.98
6.3 0.99 0.92 1.03 0.95 1.07 1.00
8 0.94 0.97 1.03 1.02 1.13 1.02
10 0.97 1.00 1.29 1.67 1.72 1.33
12.5 0.97 0.95 1.36 1.97 1.91 . 1.43
16 1.02 0.96 1.42 1.93 1.99 1.46
20 0.95 0.90 1.25 1.57 1.64 1.261
25 0.86 0.81 1.08 1.34 1.35 1.098
31.5 0.70 0.65 0.89 1.17 1.12 0.901
40 0.58 0.63 0.71 0.95 0.86 0.74|
50 0.54 0.65 0.57 0.71 0.60 0.611
63 0.55 0.72 0.56 0.78 0.56 0.638
80 0.62 0.67 0.66 0.95 0.70 0.721
100 0.62 0.64 0.68 0.93 0.74 0.72|
125 0.60 0.67 0.69 0.98 0.79 0.75
160 0.62 0.76 0.68 0.95 0.75 ' 0.75
200 0.58 0.74 0.63 0.94 0.69 0.72
250 0.46 0.57 0.51 0.86 0.57 0;59
315 0.38 0.45 0.43 0.83 0.48 ,0.51
400 0.33 0.35 0.39 0.69 0.45 0.44
500 0.29 0.29 0.33 0.66 0.38 0.39
630 0.25 0.25 0.26 0.53 0.27 "■/ 0.31
800 0.21 0.24 0.19 0.44 0.18 0.25
1000 0.24 0.29 0.15 0.38 0.10 0.23
1250 0.24 0.24 0.12 0.26 0.07 0.19
1600 0.17 0.17 0.07 0.12 0.03 0.11
2000 0.15 0.19 0.06 0.11 0.02 0.10
Table 35 Input to output acceleration ratios for five
subjects wearing Bladder 3 at 10 KPa.
1 3 4
1/3 Octave Band I SUBJECT SUBJECT SUBJECT SUBJECT SUBJECT AVG
Frequency (Hz) I 1 2 3 4 5 20 KPa
5 1.02 0.95 0.99 0.97 0.97 0.98
6.3 0.99 0.98 1.06 0.98 1.14 1.03
8 0.87 0.92 1.00 1.02 1.14 0.99
10 0.98 1.30 1.27 1.64 1.64 1.37
12.5 0.94 1.09 1.30 1.92 1.81 1.41
16 0.98 1.05 1.37 1.91 1.92 1.45
20 0.91 0.99 1.23 1.57 1.64 1.27
25 0.84 0.84 1.07 1.34 1.35 1.09
31.5 0.67 0.67 0.83 1.13 1.04 0.87
40 0.53 0.54 0.59 0.86 0.67 0.64
50 0.49 0.40 0.46 0.62 0.43 0.48
63 0.51 0.44 0.51 0.75 0.51 0.54
80 0.59 0.45 0.62 0.93 0.65 0.65
100 0.60 0.43 0.64 0.90 0.68 0.65
125 0.55 0.45 0.59 0.90 0.63 0.62
160 0.51 0.53 0.53 0.84 0.55 0.59
200 0.50 0.53 0.51 0.83 0.51 0;58
250 0.41 0.40 0.42 0.77 0.42 0.48
315 0.33 0.26 0.33 0.72 0.33 0.39
400 0.30 0.24 0.29 0.57 0.27 0.33
500 0.27 0.22 0.25 0.54 0.23 0.30
630 0.24 0.21 0.19 0.42 0.15 * l j* i0 ;2 4
800 0.20 0.20 0.13 0.33 0.09 0.19
1000 0.22 0.22 0.10 0.28 0.05 1-0.17
1250 0.18 0.15 0.08 0.21 0.04 0.13
1600 0.11 0.09 0.05 0.11 0.02 0.08
2000 0.10 0.09 0.05 0.12 0.03 0.08
Table 36 Input to output acceleration ratios for five
subjects wearing Bladder 3 at 20 KPa.
135
I 1/3 O ctave Band SUBJECT SUBJECT SUBJECT SUBJECT SUBJECT AVG |
F requency (Hz) 1 2 3 4 5 30 KPa I
5 0.99 0.97 1.08 1.05 1.18 1.06b
6.3 0.96 1.00 1.03 0.97 1.11 1.011
8 0.86 0.92 1.03 1.06 1.25 1.021
10 0.92 1.27 1.24 1.65 1.66 1.35
12.5 0.92 1.11 1.29 1.93 1.83 1.42
16 0.97 1.09 1.40 1.94 2.01 1.48
20 0.91 0.98 1.25 1.60 1.72 1.29
25 0.82 0.83 1.05 1.34 1.34 1.08
31.5 0.63 0.63 0.76 1.08 0.92 0.811
40 0.49 0.45 0.50 0.77 0.51 0.54
50 0.35 0.28 0.35 0.57 0.34 0.38
63 0.39 0.34 0.43 0.72 0.46 0.47
80 0.48 0.39 0.55 0.91 0.62 0.59
100 0.49 0.35 0.57 0.89 0.66 0.59
125 0.44 0.34 0.49 0.86 0.56 0.54
160 0.45 0.38 0.46 0.78 0.47 0.51
200 0.45 0.39 0.44 0.77 0.43 0.50
250 0.36 0.31 0.33 0.67 0.31 0.40
315 0.24 0.17 0.23 0.61 0.22 0.30
400 0.19 0.10 0.17 0.44 0.14 0:21
500 0.16 0.09 0.13 0.40 0.11 0.18
630 0.12 0.07 0.08 0.28 0.06 0112
800 0.08 0.05 0.05 0.23 0.03 0:09
1000 0.07 0.05 0.04 0.21 0.02 0.08
1250 0.04 0.03 0.03 0.17 0.02 0,06
1600 0.02 0.02 0.03 0.13 0.03 0.05
2000 0.02 0.02 0.03 0.14 0.04 0.05
Table 37 Input to output acceleration ratios for five
subjects wearing Bladder 3 at 3 0 KPa.
1 3 6
1/3 Octave Band SUBJECT SUBJECT SUBJECT SUBJECT SUBJECT AVG |
Frequency (Hz) 1 2 3 4 5 40 KPa 8
1
5 1.00 0.95 1.03 1.01 1.06 1.01
6.3 0.97 0.96 1.04 0.97 1.12 1.01 i
8 0.92 0.91 1.08 1.07 1.28 1.05S
10 1.01 1.17 1.31 1.66 1.70 1.370
12.5 0.93 1.10 1.31 1.94 1.85 1.43
16 1.00 1.17 1.43 1.96 2.06 1.52
20 0.95 1.04 1.28 1.60 1.74 1.32
25 0.85 0.89 1.09 1.36 1.40 1.12
31.5 0.66 0.67 0.79 1.10 0.95 0.83
40 0.50 0.46 0.49 0.76 0.49 0.54
50 0.30 0.30 0.33 0.57 0.35 0.37
63 0.33 0.38 0.41 0.75 0.51 0.48
80 0.43 0.43 0.53 0.93 0.65 0.60
100 0.45 0.38 0.54 0.88 0.64 0.58
125 0.34 0.33 0.40 0.80 0.48 0.47
160 0.33 0.33 0.36 0.74 0.40 0.43
200 0.35 0.35 0.37 0.74 0.38 0.44
250 0.31 0.26 0.30 0.65 0.29 0.36
315 0.18 0.12 0.19 0.60 0.21 0.26
400 0.11 0.04 0.12 0.41 0.12 0.16
500 0.09 0.03 0.09 0.38 0.10 0.14
630 0.06 0.02 0.05 0.26 0.05 0.09
800 0.04 0.03 0.03 0.21 0.03 0.07
1000 0.04 0.02 0.03 0.20 0.02 0.06
1250 0.03 0.01 0.02 0.16 0.02 I 0.05
1600 0.02 0.02 0.03 0.14 0.04 v 0.05
2000 0.02 0.02 0.03 0.15 0.05 0.05
Table 38 Input to output acceleration ratios for five
subjects wearing Bladder 3 at 4 0 KPa.
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Bladder-Glove Results
1/3 O ctave  B and I SUBJECT SUBJECT SU BJECT AVG
F req u en cy  (Hz) I 1 2 3 60 KPa
5 0.76 2.31 0.59 1.22
6.3 0.61 1.08 0.48 0.72
8 0.68 0.91 0.54 0.71 B
10 0.87 1.03 0.66 0 .8 6 |
12.5 0.91 0.88 0.57 0.79@
16 0.88 0.79 0.54 0 .7 fj|
20 1.00 0.93 0.59 0.84§
25 0.98 0.95 0.70 0.88
31.5 0.95 1.05 1.15 1.05
40 0.94 1.20 1.41 1.18
50 0.82 0.99 1.26 1.02
63 0.67 0.83 1.02 0.84
80 0.74 0.80 0.83 0.790
100 0.83 0.86 0.88 0.86
125 0.86 0.81 0.81 0.83
160 0.74 0.74 0.73 0.74
200 0.75 0.79 0.81 . 0.78
250 0.74 0.79 0.82 0.79
315 0.63 0.70 0.74 0.69
400 0.47 0.49 0.51 0.49
500 0.38 0.37 0.36 0.37
630 0.28 0.26 0.24 0.26
800 0.19 0.16 0.16 0.17
1000 0.12 0.11 0.10 0.11
1250 0.06 0.04 0.04 0.050
1600 0.04 0.04 0.03 0.031
| 2000 0.03 0.04 0.03 0.041
Table 39 Input to output acceleration ratios for three
subjects wearing the Bladder-Glove 1 at 60 KPa.
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1/3 O ctav e  B and SUBJECT SUBJECT SUBJECT | AVG 1
F req u en cy  (Hz) 1 2 3 I 60 K Pa
5 0.89 1.01 1.00 | 0.97
6.3 0.66 0.63 0.56 0.62
8 0.72 0.57 0.55 0.62
10 1.06 0.87 0.79 0.91
12.5 1.19 0.85 0.73 0.92
16 1.10 0.79 0.75 0.88
20 1.14 0.79 0.85 0.92
25 1.00 0.88 0.97 0.95
31.5 0.85 1.11 1.12 1.03
40 0.84 1.18 1.17 1.06
50 0.71 1.05 1.01 0.93
63 0.62 0.86 0.85 0.78
80 0.69 0.69 0.78 0.72
100 0.76 0.78 0.84 0.79
125 0.71 0.79 0.76 0.75
160 0.66 0.70 0.70 0.69
200 0.67 0.71 0.75 . 0.71
250 0.62 0.72 0.73 . 0.69
315 0.49 0.65 0.59 0.58
400 0.35 0.44 0.42 . ,0.41
500 0.28 0.31 0.31 o.soi
630 0.20 0.22 0.21 0.211
800 0.13 0.12 0.13 0.130
1000 0.09 0.06 0.08 0.08
1250 0.05 0.02 0.03 0.03
1600 0.03 0.03 0.04 0 .°3 S
2000 0.03 0.03 0.03 0.031
Table 40 Input to output acceleration ratios for three
subjects wearing the Bladder-Glove 2 at 60 KPa.
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Additional Bladder-Glove Results
1/3 O ctave Band SUBJECT SUBJECT SUBJECT SUBJECT SUBJECT AVG |
Frequency  (Hz) 1 2 3 4 5 60 KPa
5 0.41 1.37 1.26 1.13 1.34 1.10
6.3 1.03 1.26 1.14 1.03 0.83 1.06
8 1.41 1.02 1.05 1.15 0.90 1.11
10 1.32 1.27 1.05 1.07 1.01 1.14
12.5 1.06 1.28 0.97 0.81 0.97 1.02
16 1.43 1.29 0.85 0.67 0.99 1.04
20 1.53 1.24 1.05 0.70 1.08 1.12
25 1.43 1.22 0.92 0.73 1.10 1.08
31.5 1.12 0.88 0.92 0.65 1.12 0.94
40 0.80 0.80 0.78 0.58 0.98 0.79
50 0.60 0.80 0.72 0.52 0.71 0.67
63 0.53 0.70 0.85 0.48 0.56 0.62
80 0.58 0.65 0.62 0.47 0.73 0.61
100 0.65 0.67 0.62 0.45 0.77 0.63
125 0.72 0.74 0.67 0.52 0.84 0.70
160 0.78 0.84 0.79 0.73 0.93 0.81
200 0.85 0.86 0.84 0.75 0.87 0.84
250 0.93 0.88 0.80 0.71 0.89 0.84
315 0.97 0.88 0.73 0.61 0.79 0.80
400 0.73 0.69 0.50 0.46 0.45 0.57
500 0.57 0.58 0.41 0.38 0.33 0.46
630 0.41 0.41 0.31 0.30 0.23 0.33
800 0.28 0.22 0.16 0.10 0.15 0.18
1000 0.26 0.24 0.13 0.10 0.17 0.18
1250 0.12 0.12 0.07 0.06 0.12 0.10
1600 0.08 0.07 0.06 0.03 0.06 0.06
2000 0.08 0.07 0.06 0.03 0.06 0.06
Table 41 Input to output acceleration ratios for three
subjects wearing the Bladder-Glove 3 at 60 KPa.
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1/3 Octave Band SUBJECT SUBJECT SUBJECT SUBJECT SUBJECT AVG
Frequency (Hz) 1 2 3 4 5 60 KPa
5 0.60 0.74 1.65 1.47 0.67 I 1.03
6.3 1.06 1.05 1.03 1.09 0.84 1.01
8 1.45 1.30 1.00 1.78 0.92 1.29
10 1.66 1.10 1.00 1.53 1.06 1.27
12.5 1.18 1.16 1.00 1.25 1.06 1.13
16 1.26 1.26 0.91 0.91 1.04 1.08
20 1.29 1.19 0.86 1.01 1.15 1 10
25 1.23 1.16 0.92 0.82 1.23 1.08
31.5 1.21 0.89 0.92 0.72 1.35 1.02
40 0.85 0.65 0.92 0.73 1.11 0.86
50 0.61 0.63 0.76 0.68 0.63 0.66
63 0.42 0.74 0.59 0.71 0.36 0.56
80 0.55 0.46 0.62 0.55 0.43 0.52
100 0.64 0.47 0.65 0.56 0.45 0.55
125 0.71 0.53 0.71 0.61 0.51 0.62
160 0.77 0.65 0.81 0.76 0.59 0.72
200 0.81 0.71 0.87 0.73 0.52 0.73
250 0.83 0.74 0.76 0.57 0.54 0.69
315 0.80 0.62 0.67 0.45 0.50 0.61
400 0.50 0.32 0.50 0.31 0.29 0.381
500 0.39 0.27 0.37 0.23 0.22 0 .3 0 |
630 0.27 0.20 0.24 0.14 0.18 0.218
800 0.18 0.07 0.13 0.07 0.09 0.111
1000 0.14 0.05 0.09 0.05 0.10 0 .°9 |
1250 0.08 0.02 0.06 0.03 0.05 0.050
1600 0.05 0.03 0.05 0.03 0.05 0.04H
2000 0.05 0.04 0.04 0.04 0.05 0.04 B
Table 42 Input to output acceleration ratios for three
subjects wearing the Bladder-Glove 4 at 60 KPa.
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1/3 Octave Band SUBJECT SUBJECT SUBJECT SUBJECT SUBJECT AVG i H
Frequency (Hz) 1 2 3 4 5 60 KPa |
5 0.83 0.84 0.92 0.86 0.78 0.84
6.3 0.85 0.62 1.04 0.87 1.06 0:89
8 0.71 0.84 1.22 0.73 1.45 0.99
10 0.79 1.17 1.08 0.81 1.42 1.05
12.5 0.72 0.99 0.97 0.74 1.15 0.91
16 0.64 0.92 0.92 0.67 1.14 0.86
20 0.85 0.96 0.91 0.88 1.24 0.97
25 0.87 0.88 0.92 0.90 1.09 0.93
31.5 0.82 0.79 0.76 0.85 0.90 0.83
40 0.82 0.85 0.62 0.85 0.76 0.78
50 0.72 0.80 0.57 0.74 0.64 0.69
63 0.64 0.60 0.59 0.66 0.61 0.62
80 0.61 0.66 0.47 0.63 0.57 0.59
100 0.68 0.73 0.46 0.71 0.60 0.64
125 0.70 0.75 0.52 0.72 0.66 0.67
160 0.67 0.83 0.69 0.69 0.77 0.73
200 0.68 0.83 0.73 0.70 0.79 0.75
250 0.59 0.84 0.73 0.61 0.73 0.70
315 0.50 0.77 0.61 0.51 0.66 0.61
400 0.28 0.52 0.39 0.29 0.47 0.39
500 0.21 0.36 0.32 0.21 0.37 0.29
630 0.20 0.25 0.25 0.21 0.24 0.23
800 0.11 0.13 0.09 0.12 0.14 0.12
1000 0.08 0.13 0.07 0.08 0.11 0.10
1250 0.04 0.08 0.04 0.05 0.06 .0.05
1600 0.02 0.08 0.03 0.02 0.05 0.04
2000 0.02 0.08 0.03 0.02 0.05 ; 0.04
Table 43 Input to output acceleration ratios for three
subjects wearing the Bladder-Glove 5 at 6 0 KPa.
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1/3 O ctave Band SUBJECT SUBJECT SUBJECT SUBJECT SUBJECT AVG |
F requency  (Hz) 1 2 3 4 5 60 KPa fi
1
5 1.17 1.00 1.26 0.41 1.37 1.041
6.3 1.00 1.03 1.14 1.03 1.26 1 .°9 |
8 1.14 1.15 1.26 1.26 1.02 1.171
10 1.01 1.07 1.11 1.32 1.27 1.161
12.5 0.69 0.81 0.78 1.06 1.28 0.921
16 0.78 0.67 0.64 1.43 1.29 0.961
20 0.90 0.70 0.67 1.53 1.24 1.011
25 0.76 0.73 0.70 1.43 1.22 0.97
31.5 0.71 0.65 0.61 1.12 0.88 0.80
40 0.69 0.58 0.52 0.80 0.80 0.68
50 0.61 0.52 0.45 0.60 0.80 0.59
63 0.63 0.48 0.42 0.53 0.70 0.55
80 0.60 0.47 0.40 0.58 0.65 0.54
100 0.72 0.45 0.38 0.65 0.67 0;58
125 0.77 0.52 0.45 0.72 0.74 0.64
160 0.70 0.73 0.68 0.78 0.84 0.75
200 0.74 0.75 0.71 0.85 0.86 0.78
250 0.67 0.71 0.67 0.93 0.88 0.77
315 0.55 0.61 0.55 0.97 0.88 0.71
400 0.32 0.46 0.39 0.73 0.69 0.52
500 0.24 0.38 0.31 0.57 0.58 0.42
630 0.17 0.30 0.24 0.41 0.41 0.31
800 0.12 0.10 0.07 0.28 0.22 0.16
1000 0.09 0.10 0.07 0.26 0.24 0.15
1250 0.05 0.06 0.03 0.12 0.12 0.08
1600 0.03 0.03 0.01 0.08 0.07 0.04
j 2000 0.02 0.03 0.02 0.08 0.07 0.04
Table 44 Input to output acceleration ratios for three
subjects wearing the Bladder-Glove 6 at 60 KPa.
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1/3 Octave Band SUBJECT SUBJECT SUBJECT SUBJECT SUBJECT AVG j|
Frequency(H z) 1 2 3 4 5 60 KPa {
|
5 0.82 0.67 0.80 0.76 0.74 0.761
6.3 0.81 0.84 0.79 0.74 1.05 0.84
8 1.05 0.92 1.01 0.93 1.30 1.04
10 1.45 1.06 1.38 1.26 1.10 1.25
12.5 1.06 1.06 1.05 1.03 1.16 1.07
16 1.08 1.04 1.06 1.02 1.26 1.09
20 1.04 1.15 1.02 0.99 1.19 1.08
25 0.85 1.23 0.86 0.87 1.16 1.00
31.5 0.73 1.35 0.75 0.79 0.89 0.90
40 0.78 1.11 0.80 0.85 0.65 , 0.84
50 0.71 0.63 0.74 0.79 0.63 0.70
63 0.55 0.36 0.58 0.64 0.74 0.57
80 0.59 0.43 0.63 0.71 0.46 0.57
100 0.65 0.45 0.69 0.76 0.47 0.60
125 0.70 0.51 0.72 0.78 0.53 0.65
160 0.75 0.59 0.77 0.82 0.65 0.72
200 0.70 0.52 0.73 0.78 0.71 0.69
250 0.59 0.54 0.61 0.68 0.74 0.63
315 0.47 0.50 0.51 0.60 0.62 0.54
400 0.30 0.29 0.34 0.44 0.32 0.34
500 0.23 0.22 0.26 0.36 0.27 0.27
630 0.16 0.18 0.19 0.28 0.20 0.20
800 0.09 0.09 0.12 0.19 0.07 0.11
1000 0.07 0.10 0.09 0.15 0.05 0.091
1250 0.04 0.05 0.06 0.11 0.02 0.061
1600 0.04 0.05 0.05 0.10 0.03 o.osl
2000 0.04 0.05 0.05 0.10 0.04 : 0.05§
Table 45 Input to output acceleration ratios for three
subjects wearing the Bladder-Glove 7 at 6 0 KPa.
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1/3 Octave Band SUBJECT SUBJECT SUBJECT SUBJECT SUBJECT AVG
Frequency (Hz) 1 2 3 4 5 60 KPa
5 0.96 0.87 0.95 0.78 0.83 0.88
6.3 0.66 0.85 1.10 1.09 0.85 0.91
8 0.93 1.50 1.29 1.41 0.71 1.17
10 1.32 1.38 1.10 1.45 0.79 1.21
12.5 1.06 1.11 0.97 1.16 0.72 1.00
16 0.99 1.07 0.92 1.15 0.64 0.95
20 1.04 1.14 0.91 1.27 0.85 1.04
25 0.92 1.01 0.93 1.10 0.87 0,97|
31.5 0.80 0.84 0.75 0.90 0.82 0.821
40 0.86 0.81 0.59 0.75 0.82 0.77
50 0.80 0.71 0.54 0.62 0.72 0.68
63 0.57 0.59 0.57 0.60 0.64 0.59
80 0.62 0.58 0.43 0.55 0.61 0.56
100 0.70 0.64 0.43 0.59 0.68 0.61
125 0.74 0.69 0.49 0.65 0.70 0.65
160 0.84 0.80 0.66 0.76 0.67 0.74
200 0.84 0.81 0.71 0.78 0.68 0.76
250 0.87 0.79 0.71 0.72 0.59 0.73
315 0.76 0.70 0.58 0.65 0.50 0.64
400 0.45 0.45 0.35 0.45 0.28 0.40
500 0.29 0.32 0.28 0.35 0.21 0.29
630 0.18 0.20 0.21 0.22 0.20 0.21
800 0.08 0.10 0.07 0.13 0.11 0.10
1000 0.08 0.09 0.05 0.10 0.08 0.08
1250 0.04 0.05 0.03 0.05 0.04 0.04
1600 0.04 0.04 0.02 0.04 0.02 0.04
J 2000 0.05 0.05 0.02 0.05 0.02 0.04
Table 46 Input to output acceleration ratios for three
subjects wearing the Bladder-Glove 8 at 60 KPa.
APPENDIX III 
ILLUSTRATIONS OF GLOVES AND BLADDERS
'  *
Figure 60 Typical viscous-elastic vibration attenuating 
gloves. According to the manufacture, Sorbothan inserts 
absorb shock and dampens vibration up to 1 KHz.
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Figure 61 Illustration of a typical rectangular bladder used 
in this study. Illustration not to scale.
.1 ;
■
Figure 62 Illustration of a typical Bladder-Glove bladder 
used in this study. The bladders were sewn into cloth 
gloves for testing. Illustration not to scale.
APPENDIX IV 
LIST OF TEST EQUIPMENT
m  . ibk' %
Tiffin *
Figure 63 Test equipment arranged for vibration 
measurements.
Clearly visible in Figure 63 is the shaker with 
instrumented handle, the FFT Real-Time Analyzer with 
computer, the power amplifier, pressure gauges and 
accelerometer support equipment.
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1 4 8
NAME MODEL |
Entran Piezo-Resistive accelerometer EGA-125-25OD
ICP calibration accelerometer 302A; Serial # 11028
Norwegian Electronics
Two Channel FFT Real-Time Analyzer
830
MB Dynamics Shaker 50;Serial # 13487
MB Dynamics Power Amplifier 2250MB
"PCB" Power Unit 480D06
Automation Industries Stain Indicator P3 50; Serial # 005750
BK Precision Frequency Counter 1805
Simpson Auto Digital Multimeter 465 Series 2
BK Precision Function Generator 3010
Michada 486 PC B5; Serial # 9211262
IChatillion Calibrator 
.
DPP-25
Table 47 List of primary equipment used in vibration 
testing.
The Piezo-Resistive accelerometers require an input voltage 
accelerometer bias of ±  7.5 VDC. Figure 64 illustrates the 
circuit designed and fabricated to power the accelerometers, 
one circuit for each accelerometer.
1 4 9
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Figure 64 Schematic representation of a simple RC filter 
circuit for the ±7.5 VDC accelerometer bias.
The strain gage arrangement for the instrumented handle 
is found below. Four gages were used to detect the amount 
of grip force placed on the handle by the subjects. The 
gages were then connected in a full bridge arrangement and 
terminated to an analog display box that, when calibrated, 
gave a constant grip force.
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Figure 65 Strain gage arrangement on handle and full bridge 
connection.
APPENDIX V
COMPUTER PROGRAMS
IEEE Card and RTA-83 0 
Control: rta830.bas
PROGRAM TO CONTROL THE RTA 83 0 FROM A PC
'DOUGLAS J. WEAVER
'UNIVERSITY OF NEVADA, LAS VEGAS
'THIS PROGRAM COLLECTS THE LEQ VALUES FROM BOTH CHANNELS 
'FROM THE RTA 83 0 IN THE FREQUENCY RANGE 5 HZ TO 2 KHZ. THE 
'MEASUREMENT PERIOD IS 2 0 SECONDS AND IT IS ASSUMED THAT 
'THE COMPUTERS BUS HAS THE ADDRESS 0 AND THE RTA 83 0 HAS THE 
'DEVICE NUMBER 30.
$ INCLUDE: 'QBDECL.BAS'
'FOUND IS A SUBROUTINE CALLED WHEN THE RTA83 0 IS IDENTIFIED 
'AS A LISTENER ON THE GPIB. GPIBERR IS AN ERROR SUBROUTINE 
'THAT IS CALLED WHEN A 4 8 8.2 SUBROUTINE FAILS.
DECLARE SUB FOUND (FLUKE%)
DECLARE SUB GPIBERR (MSG$)
DIM INSTRUMENTS%(31) 1 ARRAY OF PRIMARY ADDRESSES
DIM RESULT%(30) ’ ARRAY OF LISTEN ADDRESSES
DIM SHARED READING AS STRING * 10 1 DATA RECEIVED FROM
THE RTA 83 0
CLS
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1 5 2
'THE BOARD NEEDS TO BE THE CONTROLLER-IN-CHARGE IN ORDER TO 
'FIND ALL LISTENERS ON THE GPIB. TO ACCOMPLISH THIS, THE 
'SUBROUTINE SENDIFC IS CALLED. IF THE ERROR BIT EERR IS SET 
'IN IBSTA%, CALL GPIBERR WITH AN ERROR MESSAGE.
CALL SENDIFC(0)
'CREATE AN ARRAY CONTAINING ALL VALID GPIB PRIMARY 
'ADDRESSES. THIS ARRAY (INSTRUMENTS%) WILL BE GIVEN TO THE 
'SUBROUTINE FINDLSTN TO FIND ALL LISTENERS. THE CONSTANT 
'NOADDR, DEFINED IN QBDECL.BAS, SIGNIFIES THE END OF THE 
'ARRAY.
FOR K% = 0 TO 3 0
INSTRUMENTS% (K%) = K%
NEXT K%
INSTRUMENTS%(31) = NOADDR
'PRINT MESSAGE TO TELL USER THAT THE PROGRAM IS SEARCHING 
'FOR ALL ACTIVE LISTENERS. FIND ALL OF THE LISTENERS ON THE 
'BUS. STORE THE LISTEN ADDRESSES IN THE ARRAY RESULT%. IF 
'THE ERROR BIT EERR IS SET IN IBSTA%, CALL GPIBERR WITH AN 
'ERROR MESSAGE.
PRINT "FINDING ALL LISTENERS ON THE BUS..."
PRINT
CALL FINDLSTN(0, INSTRUMENTS%(), RESULT%(), 31)
'ASSIGN THE VALUE OF IBCNT% TO THE VARIABLE NUM_LISTENERS%. 
'THE GPIB INTERFACE BOARD IS DETECTED AS A LISTENER ON THE 
'BUS; HOWEVER, IT IS NOT INCLUDED IN THE FINAL COUNT OF THE 
'NUMBER OF LISTENERS. PRINT THE NUMBER OF LISTENERS FOUND.
NUM.LISTENERS% = IBCNT% - 1
PRINT "NO. OF INSTRUMENTS FOUND = ", NUM.LISTENERS%
CALL DEVCLEAR(0, 3 0)
OPEN AN OUTPUT FILE
OPEN "OUT.DAT" FOR OUTPUT AS #1 
SET UP MAIN MENU
10 PRINT I I
PRINT I OPTIONS"
PRINT I I
PRINT " (0) TERMINATE TEST PERIOD"
PRINT " (1) TURN ON NOISE GENERATOR"
PRINT " (2) BEGIN TEST PERIOD"
PRINT " (3) TURN OFF NOISE GENERATOR"
INPUT I HOW TO PROCEDE, (0) , (1) ,
IF X = 1 THEN GOTO 20
IF X = 2 THEN GOTO 3 0
IF X = 3 THEN GOTO 4 0
IF X = 0 THEN GOTO 10 0
IF X <> 1 OR 2 OR 3 THEN GOTO 100
TURN ON NOISE GENERATOR AND SET UP FOR TEST PERIOD
2 0 CALL SEND(0, 30, "*RST;*N01", NLEND)
GOTO 10
SET UP UNIT AND BEGIN TEST PERIOD BY STARTING THE RTA83 0
3 0 CALL SEND(0, 30, "CH0;SSI;S2 0;UF3 3;LF7", NLEND)
CALL SEND(0, 30, "*ST;VAL1?", NLEND)
CALL WAITSRQ(0, SRQASSERTED%)
IF SRQASSERTED% = 0 THEN 
STOP 
END IF
CALL READSTATUSBYTE(0, 30, STATUS%)
CALL RECEIVE(0, 30, READING$, STOPEND)
READING$ = LEFT$(READING$, IBCNT%)
PRINT #1, READING$
CALL SEND(0, 30, "*CH0; *SS1", NLEND)
CALL SEND(0, 30, "*CH0; *S20; *UF33; *LF7", NLEND)
CALL SEND(0, 30, "*CH0; *ST; *TRG", NLEND)
GOTO 10
TURN OFF NOISE GENERATOR
4 0 CALL SEND(0, 30, "*NOO", NLEND)
GOTO 10
SET DEVICE TO LOCAL MODE AND END PROGRAM
100 CALL SEND(0, 30, "*SP", NLEND)
CALL SEND(0, 30, "*LO", NLEND)
CALL IBONL(0, 0)
STOP
END
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Transfer Function Determination: trans.bas
'THE FOLLOWING PROGRAM PROCESSES THE TRANSFER FUNCTION DATA 
'AND DETERMINES THE MAGNITUDE, PHASE AND COHERANCE FROM DATA 
'OBTAINED FROM THE WAVEPAK WAVEFORM ANALYZER.
DIM LN1(401) , CHX(401) , CHY(401), CPS1(401) , CPS2 (401) , 
DIM CPS3(401)
DIM ACCL(801), MOB(401), COMPL(401)
DIM Ol(401)
OPEN "I", 1, "12 0IN.DAT"
OPEN "O", 2, "12 0OUTA.DAT"
'INPUT THE TITLE OF THE CALCULATION
INPUT #1, TITLE$
'INPUT THE CROSS POWER SPECTRAL DENSITY (CPSD) FACTOR; 
'FREQUENCY RESOLUTION; BEGINNING FREQUENCY; ENDING 
'FREQUENCY.
INPUT #1, RESOL, Rl, FBEG, FEND
'LN1() = SPECTRAL LINE NUMBER, LN1() = 1 EQUAL TO F = 0HZ;
'CHX() = FORCE CH INPUT - CHANNEL X;
'CHY() - CHANNEL Y = ACCELEROMETER CH OUTPUT;
'CPSIO = IMAGINARY PARTS OF THE CROSS POWER SPECTRUM (CPS 
'IMAG);
'CPS2() = REAL PARTS OF THE CROSS POWER SPECTRUM (CPS REAL); 
'CPS3() = CROSS POWER SPECTRUM DENSITY (CPSD);
FOR K = 0 TO 3 99
INPUT #1, LN1(K), CHX(K), CHY(K), CPS1(K) , CPS2(K) , 
CPS3(K)
NEXT K
1 5 6
FOR K = 0 TO 3 99
PRINT #2, LN1(K), CHX(K), CHY(K), CPS1(K), CPS2(K),
CPS3(K)
NEXT K
FOR J = 1 TO 3 99
'CALCULATE THE FREQUENCY LINE
LN1(J) = J * R1
'CALCULATE THE AMPLITUDE OF THE CROSS POWER SPECTRUM 
' N1 = SQUR(REAL A 2 + IMAG A 2)
N1 = SQR(CPS1(J) A 2 + CPS2(J) A 2)
'FACTOR CHANGING FOR CALCULATION OF ACCELERANCE
N2 = N1 * RESOL * R1 * 4!
'CALCULATE THE ACCELERANCE.
ACCL(J) = N2 * 2 / (CHX(J) A 2)
'CALCULATE THE MOBILITY.
MOB(J) = ACCL(J) / (2 * 3.1415926# * LN1(J))
'CALCULATE THE COMPLIANCE.
COMPLIANCE(J) = MOB(J) / (2 * 3.1415926# * LN1(J))
'CALCULATE THE COHERENCE
COHER(J) = (CPS3(J) A 2) / (CHX(J) * CHY(J))
NEXT J
LN1(0) = 0
1 5 7
LNl(400) = FEND
ACCL(0) = ACCL(1)
ACCL(400) = ACCL(399)
MOB ( 0) = MOB(1)
MOB (400) = MOB(399)
COMPLIANCE(0) = COMPLIANCE(1)
COMPLIANCE(400) = COMPLIANCE(399)
COHER(0) = 1
COHER(400) = COHER(399)
'OUTPUT THE TRANSFER FUNCITON AND COHERENCE
PRINT #2, TITLE$
PRINT #2, " "
PRINT #2, " "
P R IN T  # 2 ,  " FREQUENCY ACCELERANCE M O B IL IT Y  COM PLIANCE
P R IN T  # 2 ,  " -------------------- ------------------------  -----------------  ----------------------
FOR K = 0 TO 400
PRINT #2, II II ./
PRINT #2, USING "###.####"; LNl(K);
PRINT #2, II II /
PRINT #2, USING "#.#######" ; ACCL(K);
PRINT #2, it it ./
PRINT #2, USING "#.#######" ; MOB(K);
PRINT #2, 1 If ./
PRINT #2, USING "#.#######" ; COMPLIANCE(K)
PRINT #2, II ft . /
PRINT #2, USING "#.####"; COHER(K)
NEXT K
COHERENCE"
 ____  _ _ _ H
STOP
END
1 5 8
CEN Standard Representation: cen.bas
'PROGRAM USED TO SIMULATE A WHITE NOISE GENERATOR WITH 
'BANDPASS FILTER WITH SLOPES OF 12 DB/OCTAVE AND TO 
'CALCULATE THE TRANSMISSIBILITY FOR THE HIGH FREQUENCY 
'SPECTRUM.
DIM REF(13), MEAS(13), MEAS2(13), RATIO(13)
CLS
FOR J = 1 TO 13
REF(J) = 100 
NEXT J
'SET UP THE RATIOS TO SIMULATE A 1/3 OCTAVE BAND FORMED 
'SIGNAL IN THE HIGH FRQUENCY RANGE
RATIO (1) =
RATIO(4) = 
RATIO(7) = 
RATIO(10) = 
RATIO(13) =
.105: RATIO(2) 
.424: RATIO(5) 
.809: RATIO(8) 
1: RATIO(111
. 623
,175: RATIO(3) = .291 
,562: RATIO(6) = .692 
903: RATIO(9) = .978 
.94: RATIO(12) = .804
'OPEN THE INPUT DATA FILE
OPEN "C:\THESIS\FREQPROG\PF9HIGH.DAT" FOR INPUT AS #1 
'INPUT THE MEASURED CH2-CH1 DATA FROM ANALYZER
FOR J= 1 TO 13
INPUT #1, MEAS(J) 
NEXT J
‘MULTIPLY THE MEASURED CH2-CH1 DATA BY 100
FOR J= 1 TO 13
MEAS2(J) = MEAS(J) * REF(J)
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NEXT J
'MULTIPLY THE ABOVE TWO VALUES BY THE RATIO
FOR J = 1 TO 13
REF(J) = REF(J) * RATIO(J)
MEAS2(J) = MEAS2(J) * RATIO(J) 
NEXT J
SUM1 = 0 
SUM2 = 0
'SUM THE SQUARE OF THE ABOVE TOW VALUES
FOR J = 1 TO 13
SUM1 = SUM1 + REF(J) A 2 
SUM2 = SUM2 + MEAS2(J) * 2 
NEXT J
SUM1 = SQR(SUMl)
SUM2 = SQR(SUM2)
'TRANSMISSIBILITY EQUALS THE RATIO OF THE SQUARE ROOT OT THE 
'TWO VALUES
TRANS = SUM2 / SUM1
PRINT
PRINT "REF = »; SUM1 
PRINT "ACCTOT = "; SUM2 
PRINT "CENTRANS = TRANS
STOP
END
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